Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


The  Branner  Geological  Library 


f 


IHAMJ  -Su^^HKSFD  \JVMOQ- V^TIVERS^^^ 


.  r 


/ 


ANNUAL  Rt- 


OF  THE 


(;eological  Sur 


OF 


KOR  18v     » 


Volume  II 
The   Igneous    Rocks   of    Arkans- 

Hy  J.  Francis  Williams,  Ph.  D.,  C.  E. 


John  C^  Branner,  F»h.  D. 

8t4ate  Oeolofflcit , 


little  rock 

Woodruff  Printino  Co 

1891 


i<W 


QetyC 


^  CJ  — ^^- '  ^  ■ 


aKnual  report 


OF  THE 


Geological  Survey 


OF 


KOR  1890 


Volume  H 
The  Iqmeous   Rocks   of   Arkansas 

By  J.  FrancU)  Williams,  Pli.  D.,  C.  E. 


John  C.  Br^nnbr,  F*h.  D. 

StAte  OeoloBi»t 


little  rock 

Woodruff  Printing  Co 

1891 


208422 


PUBUSHED  NOVEMBEB,  1891; 


•  « 


•  ( 


•  •   -•  • 


•   ••. 


•      m 


•  ft 


•  •  » 

« 


f      *  •         • 


*•' 


••  •  • 


v. 


V 

« 


< 


L 


In  fDemoriam 


Jobn  iFtancis  MilUams 


»orn  ©ctobcr  25  1862 


©let)  "Wopembcr  0  1891 


Office  of  the  Geological  Survey  of  Arkansas, 

Little  Bock,  Feb  26tb,  1891. 

To  His  Excelleney, 

« 

Hon,  James  P.  Edgle, 

Governor  of  Arkansas. 
Sir: 

I  have  the  honor  to  submit   herewith  Volume   II.   of  my 
annucU  report  for  1890,  and  to  remain. 

Your  obedient  servant, 

JOHN  a  BRANNER, 

State  Geologist" 


Table  of  Contents. 


CHAPTEBL 

QBOLOGIO  OOCURRENCE  OF   IGNEOUS  BOCKS  IK  ARKANSAS   AND  AD- 
JACENT STATES 1 

Area  and  importaD06«..............M..-...M........^.M»......««^ 1 

Geologio  and  gMgrapbic  posltionM......^ «...............^.»......  2 

DlTiBioo  of  the  eleollte  ajeoitee  of  Arkansas  into  areas. 2 

Age  of  the  Igneoos  rocks.^. ^ 8 

Oharaoter  of  the  adjacent  aedlmentarj  rooks 8 

Igneous  rocks  in  Missouri .«« ^ 8 

Igneous  rocks  in  Indian  Territory „,.  ........... ......^ 4 

Tertiary  and  Pleistocene  of  Arkansas S 

Cretaceous  In  Arkansas «..  S 

Igneous  rocks  of  Texas........................................^...........^^.....— -^.  6 

Conclusions  ...... ....^.m.. m......«.m. ..^m......  6 

CHAPTER  IL 

GENERAL  LITERATURE  OP  THE  IGNEOUS  BOCKS  OF   ARKANSAS ^  7 

sftaisrery  ....••••......••••.•.•.•.......•.........•....•....  ...................................................  / 

Schoolcraft. 8 

Bringier „ 9 

Featberstonhaugh 10 

Powell.. «. 11 

She|iard 12 

Bngleaan 12 

Barney.. .....MM. ....m. m.....mm......*.m.......  18 

Warder ^ 18 

Cutter............................. 16 

Harrey........ ^m. .........^ 16 

Rosenbusch... 17 

Comstock. 17 

Branner... 18 

Day....... « 19 

'CHAPTER  IIL 

DISTRIBUTION  OF  THE  IGNEOUS  ROCKS  IN  THE   FQURCHE  MOUN- 

^ax^  jusAVAxjrv  .........«■..•••.........(.■.•.•....*....•......,....................««.....  xv 

CHAPTER  IV. 

HINERALOGIC,   PETROGRAPHIC   AND  CHESftlCAL  CHARACTERISTICS 

OF  THE  ROCK  FROM  FOURCHE  MOUNTAIN .  88 

I.    Spboal  Pbtbographio  LrrsBATURC 84 

n.    Pktboobafbic  Dxscbiptxon  of  ths  STunnc  Rocks. 89 


Vi  AJSJXVAL  SEPOBT  STATB  OS0L0OI8T. 

OHAFTEB  Vr—CmtHmud, 

At      BUM  fpCmUlTn  \IriIMMCmj«— ««>«««»»»«»«««,«««»«»—»—,«»«■»— i««»»»»,—»imi —««,«— .»«»—»»«  ^^ 

D^lUGl  Ha  Va»  •«••••»•«  ■••••••••  ••••••  *•••••  m9—9  »#»•■—<  •■•••■  ••••••  «•«  «•■«•*•««  Buimmnfiit  0V* 

^^O'Or**  ■••■••■••••••••*•■••«••■«»«««(«•««•«*•••.«•(••••««««•«(„„«*•«•((„«•••  •••••••••••••>••••■••  ^V 

wOaBUII^  •••••«•■■••••«••••*•(«««■••■•■•■•••••••••>••*•■••••••■••••••••••«■•«••••••••«■••■••••••••  4V 

HardoMiM.......M.M**.>**** m.*.... ••■  .m  ».••.>•....  40> 

Compfotrioii  t6St8  of  "bla9  gruilt*'*»M.........»...........M.  ..........»•••••••>■  44 

OomproHloii  tetta  of  ■7«iiito  and  giaoito  ^.......m...^.. .^^ ^.  4<« 

Speolflo  graritj  and  weight  par  cobtc  looU-.......^.....<»..........^..«^.  4]>- 

Belation  of  weight  to  ■treagth  in  granites...........................^..........  5<V 

EfBect  of  heal. .^  ..... ., .....  50 

Recapitalatlon  of  x«aalta........................................»........... 51 

Belatire  qaalitiee  of  Arkaniat  and  MInneaota  **granltai'* ..............  5a. 

Uats  of  bloa  granite........ ».. 54 

Graphic  repieMntation  of  the  relation  of  palatkite  to  the  allied 

rocki ...W....M.... ............ M ..........•••MM..  57* 

Petrographio  deecrlptioo. .........m ....•M..MM*«*...m.«....«M......M...  6ft> 

SegregatloD  Teini ......i..  71 

B.  Oraj  granite  (eleolite  ijenite)....... ». 71 

a.    Fhjtical  properties. ^ mmm«—»-- — •••  72. 

Strocture... ..«m. 72 

Color M. 7& 

BireDgbOM  #—..........»...«................»........«««.............»»»...#—».♦....■■■.■..».«..  To 

^i  dso>puvDm. .*.•.••••••••••...•>•*•••*■•..•.  w....  »...»..•.......».«......•..«.•»....■.«.».»».»  •  V 

Speolflo  graritj .« ..........m  74 

Weigth  per  cubic  foot 74 

Effect  of  heat........ 74 

Structure. '. »........» 74 

Fetrognphic  description... 74 

C.  Sjenltle  dike  rocks. m.. 88: 

1.  Brown  graoite  (eleolite  syenite  dike  rock)  ..•.m................m.*  •••••m..*.....  88- 

a.  Physical  properties..................... 84 

Structure  and  color. »..  84 

Strength 84 

b.  Crystallographic,  niiorosoopio  and  chemical  inyestigation 85> 

Strocture. 85^ 

Chemical  constitution...... ^, 87 

Table  showiog  composition  of  syenites  of  Fourche  Mountain.... 88 

2.  Mlarolitic  dikes 9a 

a.  Mlarolitic  eleolite  syenite  dikes ..................  9<^ 

Macroscopic  structure ». 90 

Specific  gravity  and  absorptircnesa. 91 

Color  „ 91 

b.  Mlarolitic  quarts  syenite  dikes. 98. 

(1)  Coarse-grained  quartz  syenite  dikes 98 

Macroscopic  and  mlcrosooplo  characteriatics...........„.......................  98 

Chemical  oompoeition ......................m..........  96. 

(2)  Fine-grained  quartz  syenite  dikes 97 

Structure. m. 97 

Macroscopic  and  microscopic  characteristics. 97 

D.  Forphyrltic  border  rock,  (Tingn&lte) 9^^ 


TABLB  OF  OONTSNIB.  Vii 

OHAPTEB  lY.— OmfiniMd. 

a.  OoeurreDoe  ;;.....« ~ ^ ^................^ 90 

b.  Maerotcopie  and  mieroMopio  dctcrlptioD.. —  100 

m.     PXTBOOSAPHIC  DK8CBIPTX0K  OV  TBI  AVOITIC  BOGXl^............................^  106 

A.  Fourehlt«......» ^.....».. ....^.......^............................^.......  107 

a    Amphibole  Ouaohilite. ~ m...^....^....  112 

O.    Honobiqnlte  (?) m- ^........•................^... 114 

IV.     Ck>NTACT  R0CX8.....M. mm * m****..... ...•••••  116 

QxNSnO  RSLATIONS  OF  THC  YaBIOUI  KINDS  OF  SYUriTa  TO  SAOB  OTBXB 

AHB  TO  TBI  ADJACXNT  SBDIMSNTABT  BOCU mm— ..••«im.....— •  116 

CHAPTER  V. 

DnniBUTiOH  and  Pxtrooraphic  Chabactxr  op  thx  Ionboub  Boou  of 

ths  Sauvx  County  Region  ...mm m.  ....mm.......  196 

I.    DiflraiBunoNM  ....m.« ..•mm.....mm. ....m......... mm mm«.....«mm  126 

n.     SPBOXAL  PXIBOORAPHIC  LiTSRATURB .MM. .......MM..MM....  129 

ni.     PRTROORAPHIC  DBSGBlPTXOlt  OF  FBLDSPATHIC  ROCKB mm.mmm  180 

A.     ELBOLmBSrBHlTB(ORAT  GrANITB).....mmm....m...mmm... 180 

1.  Onboclastio  elcollta  lyanlte mmm.. mm. ......  .mm.  ......  180 

a.  Pbjtical  properties m. .......mm 180 

UBS  •..••••.••....•....••.•..•••....•••....•.. M.... ..••••.•........•..•......■••••.•  .••••••■■■••.••  Xov 

Color  and  structare m m -  180 

Strength mm.  181 

Weight MM  182 

b.  Mlnenloglo,  mteroeooplo  and  chemical  iDTeetigation.. m  182 

2.  PlagloclMUe  eleollte  •jenite 186 

Structure.. ...m 186 

Petrograpble  description mm 187 

B.  Forpbjritie  lycnite  ....mm m ., 140 

C    Sjeoltlc  dike  rocka. m. m 148 

1.  Eleolire  sjenite  pegmatite  dikes.... m.m...m........  148 

2.  Porpbyritic  dikes .,..'.. m.......mm  146 

a.  iEgiri te  tingQaiie<a...a*......M«.....a.«.«M.«.*...«*****M..a..aaM.......  .....m*. ......  iso 

b.  Eleollte  porphjrj .m .m.m.  147 

D.    Porpbjritio  border  rook  (ngirite  tloguiite) m ..mm.....m 149 

lY.     PBTROORAPHIC  DB80RXPTION  OF  TBB  AVOmC  ROCRa>.....M. 160 

A.    Amphibole  nionchiqnite.....MMM........... m.....mmm.....m...........  151 

R.    Honcbiquite  ..m.... 155 

Y.    Contact  Rocbs. m. ....m....mm.....m  167 

A.  Oedar  Park ., m m. .  157 

Fetrograpbic  description... m m. 158 

B.  loclnsioo  in  section  21. mm. 160 

Petrograpble  dercilption..  „ m. m 160 

YI.    Kblahon  of  thb  Ionbous  Bocks  to  Each  Othbb  and  to  thb  Ad- 
jacent Sbdimbntary  Rocks ..m....mmm  161 

CHAPTER  YL 

GEOGRAPHIC   DESCRIPTION  OF  MAGNET   COVE  AND  GENERAL   DIS- 
TRIBUTION OF  THE  IGNEOUS  ROCKS mm. 168 

I.  GBNBRAL  GBOOBAPHIC  AND  TOPOORAPHIC  Fbaturbs m 168 

II.  DmRlBDTION  OF  TlMBBB  AND  ITS  BbLATION  TO  THB  UNDBRLYXNO  ROCK 

Formations.  ......m. —^ 167 

Trees  occurring  in  snd  about  Magnet  Cotc.m mm  169-170 

in.    Dbcunation  of  tbb  Maonetio  N  ebdlb  in  and  about  Maonbt  Coyb.  170 

ly.    Diitbibutioh  OF  Ionbous  Rocks m. 178 


Viii  AKNUAL  BBPORT  STATE  OEOIjOOIST. 

CHAPTER  TIL 

MINEEALOOIC,  PETBOQRAPHIC  AND  CHEMICAL  CHABACTEEI8T1G8  OF 

THE  IQNEOOS  BOCK  FROM  MAGNET  COVE ...^ 208 


L    Spscial  Pxtboorapaio  Litbhatukb..........^.^....m...^...........................  M 

TL     PXTSOORAPHIO  DkBCBIPTIOX  OF  FlCLDSPATHIC  BOOU  ...-^ ^..«....  2(8 

A.  Eleolitoijenite...............^.. ^.^ ^.  206 

1.  EieoUte  miea  ijenito  (Core  tjpe)~ ^ .^ .^ 208 

2.  ElcoUte  garnet  syenite  (Eidge  tjpe) ^ ^..........  229 

8.    MtaroHUc  elcolite  lyeoite .«...^.... 282 

B.  EleoliUc  dike  rocke 288 

1 .  Eleoll  te  Bjenite  dike  nwk  (Diamond  Jo  Tjpe)......... 288 

2.  Eleolite  eudialyte  sjeoite  (pegmatite) 288 

8.    Eleolite  porphyrj 288 

a.  (Toane-grained  eleolite  porphyry 209 

b.  Fine-grained  eleolite  porphyry.. 261 

4«    Eleolite  iinguaite........................ 264 

O.    Leucitic  dike  rodu 267 

1.  Leaeite  syenite  dike  rock. 267 

2.  Lenclte  tingaaite .......^  277 

a.  Border  type 277 

Qreen  variety .....^ 279 

Spotted  yariely  (blaek  with  white  spoU) ». .  279 

Black  Tariety  (black  with  "soggeeted"  leadtes)  ....«^ 280 

b.  Dike  type 281 

lU.     PXTBOaBAPHIC  DXKUPnOK  OF  AUOXTIC  BOCKB.. 290 

A.  Fourchite  group.. ........^........ 290 

B.  Monchiquite  group ^ » 290 

GHAPTEB  Vm. 

CONTACT  METAMOBPHISM  AND  GENETIC  BELATI0N8  OF  THE  BOCKS 

OF  MAGNET  COVE..........* 296 

I.     OOITTACT  BOOKI....... .~.. .........  296 

IL     COHTAOT  MlNKXALB.. 808 

A.  Contact  minerals  from  quartz  and  sandstone......... 80S 

B.  Contaot  minerals  from  calcite ...«  880 

m.     BXLATION  OF  THX   lOKBOUl  BOCKS   OF  MaONKT  (>0VB   TO    BACH    OTHBR 

AMD  TO  THB  AOJAOBHT  SBDIMBNTART  BOCKfl....... 842 

OHAPTEB  IX. 

OEOOBAPHIC  AND  PETBOOBAPHIC  DESCBIFTION  OF  THE  POTASH 

8ULPHUB  8PBING8  REGION 844 

I.    DnrrBiBUTiOH  of  Iohbous  Rocks.. 844 

IL    Fbtboobaphic  Dbscbiptiov  of  Bocki  fbom  Potash  Sulphur  Sprikos.  849 

A.  EleoliUc  rocks » 849 

1.  Eleolite  iodalite  syenite 849 

2.  Eleolite  garnet  porphyry »..  850 

8.    EleoUte  tingaaite ..-«.. « 861 

a.  Border  type 851 

b.  Dike  type « 862 

B.  Augitic  rooks 862 

in.    ConTAcr  Bocks  ahd  Mikbralb- 854 

lY.    Potash  Sulphur  Watbr.. 861 

y.     RBLATIOH  of  THB  lOMBOUS  BOCKS  TO  BACH  OTHBR  AND  TO  THB  SbDIHBX- 

tart  Bocks 865 


TABLE  OF  CONTENTS.  i] 

CHAPTER  X. 

8YENITIC    DIKES    AND     BOCKS    LYING    OUTSIDE    OF    THE     AREAS 

ALREADY  DESCRIBED ^ „.„. 867 

I.    JBoniTS  TurooAin  Dxxbs ^ „ 867 

A.  Hot  tfpriDgi  dikes  > « ........^.. ».. 867 

Lncfttlon « «........„...^..  867 

OceurreDce  .......^ 868 

MMroseopIe  cbaracterlstioa.. 868 

MIeroacopio  chsncterlitics 868 

B.  Hominy  Hill  dike 871 

II.     AaH-BBOSAKD  DkTSITALll4TKBXAL  OF  lOKBOUS   OUGIK 878 

A.  BateflTille  uh-b«d. 878 

B.  Polkooantj  Mb-b«d 875 

CHAPTER  XI.  • 

DISTRIBUTION  AND  PETBOQRAPHIO  CHARACTER  OF  THE  IGNEOUS 

ROTES  FRO\l  PIKE  COUNTY ^ 877 

I.  DXSTBIBDTIOK » 877 

Prerioot  noiioet 877 

DlBtributloo  and  general  chaimeteiiaties  of  the  loek.... 878 

II.  PSTBOORAPHIC  AND  CHSXIOAL   CgAEACTmUl'lCg............... 880 

III.  COMPARISOlt  WITH  OTHXB   PBBIDOTITBB............^.............. 884 

IV.  RSLATIOM  OF  TBS  lONBOUt  TO  THX  AsJACSltT  SBDOOBNTABT  ROGKl 886 

CHAPTER  XII. 

THE  BASIC  DIKES  OCCURRINQ  OUTSIDE  OF  THE  SYENITE  AREAS  OF 

ARKANSAH. ., „ 892 

Nomaoclatare ^..  898 

MlcTMOopIc  ezaminatlon«...M... 894 

Ohemtcal   inveattgation........................M 898 

Oeearranoa  of  aimilar  dlkca  elaewbera » 409 

CHAPTER  Xin. 

TABULATION  OF  THE  DIKES  OF  IGNEOUS  ROCKS  OF   ARKANSAS,  BY 

J.  F.  KEMP  AND  J.  FRANCUS  WILLIAMS  . 407 


List  of  Plates- 


FACIXe  PAGB.. 


1.  ArkmiM  **gnuiit6*'..............M«*  ••••■••••••••••mm  •••■•.^■.•••••^••.•...•^•^...•••••••.^    KxoBtU|H6C6«. 

3.  Rdltef  mEp  of  th6  Fouroho  Mown  tola  r<Bgioii...—.....**^^MM.*^.^«»«^^MM«^^^**  •••m«  •••••.•••••«»•  19 
8.  Blue  grsnlle  (palMklta)  qaarrj  of  the  Little  Book  gruiite  GompAiiy...........— ....•..•.  20 

4.  MiaioUtio  eleolite  syenite  dike,  ibowlng  weetherlng..: —•...•mm..—— .••......— m  24 

6.  Boalden  of  brown  granite  (ele<^te  sjenlte  dike  rook)-.......— ....—•..•••.....-—  — ...  85 

6.  Weatherad  blaegrenlte  (pnleaklte). mmm—-.....m.m............m.m..mm^^...m  ••••.••••••»..  27 

7.  Flat  rarfMW  of  gray  granite  (eleoUte  syenite). m..m.m  29 

8.  Dressing  bine  granite  (palasklte),  **  Poarcbe  Honntaln"  granite  qnarryM.........MMM  M 

9.  Pnlaskl  eonntycoort  house,  ballt  of  blue  granite  (pnlasklte) ......  ....•mm.m... .......••«  55 

10.  EzfoUatioBofgray  granite  (eleolite  syenite).    Braddook's  quarry.................MM  m...  72 

11.  Dike  of  mlarolitic  eleolite  syenite  in  fourehlte..^^......^...MM^.....^M...>.^.M....^.M..M.MMM  90 

12.  Belief  map  of  Magnet  Core. .m. m.......mmm..^^m.^....— •••••••  16S 

15.  Isogonlc  chart  of  Magnet  Oore.....—..............-M. .mm.....m.. — ...............  172 

14.  Oully  west  of  Meuscb's  hoase,  MsgnetCoTo.. « - 

16.  light  colored  syenite  oottlng  dark  colored  syenite,  Ootc  Creek—........^ —......mm  189- 

16.  Diamond  Jo  qaarry,  showiog  weathered  boulders  and  contact.. —  198 

17.  Leudte  syenite  dike  rock. -.... mm.  267 

18.  Contact  of  tleoHte  syenite  dike  rock  with  paleosoic  rock 296 

19.  Brookite  from  Magnet  Core  (after  £•  8.  I>ana)„ .—..'........  814 

90.  Brookite  from  Magnet  Ooto  (alter  E.  8.  Dana^- •» ^.........—.••......•....••••mm  815 

21.  Brookite  and  rutlle  from  Magnet  Gore  (after  BAuer) — 826- 

22.  8ectlons  of  peroftkite  from  Magnet (3ofe  (after  Ben  Saude).......... 882 


ERRATA. 

Pag-e. 

X.     Under  No.  14  the  pag-e  should  be  174. 
XII.     Seventh  line,    "eucalite"  should  be   cucoliii\  and 
"montichellite"  should  be  vionticclliU\ 
10.     Eigrhth  line,  "primative"  should  h(i  primitive, 
17.     Fifth  line,  "event"  should  be  evident, 
19.     In  the  third  foot-note,   last  two  lines,   there  seems 
to  be  a  mistake  in  calling*  the  rock  of  Cleopatra's 
needle  quartz  porphj^ry.     See   Trans.   Am.  Inst. 
M.  Enjr.,  Vol.  XI.,  1882-3,  pp.  367-379. 
25.     Twenty-second    line,     '*phorphyritic"    should    be 

porphyy'itie, 
89.     Tw^elfth    line,     ''microscopic"    should    be  macro- 

scopic, 
89.     In  the  table,  first  constituent,  Sio^  should  be  SiO^. 
208.     In  the  foot-note,  ''1887"  should  be  1888. 
225.     In  the  analysis,  last  line,  "hydroscopic"  should  be 

hy^^Toscopic, 
350.     Second  line  from  the  bottom,  "diopside"  should  be 

plag'ioclasc, 
373.     Heading"   II.    should   be:     Ash-beds    and    detritai 

material  of  ig'ncous  orig^in. 
401.     Eleventh    line    from*  the     bottom,     "Portug-ese" 

should  be  Portug^uese, 
441.     Second   line    from   bottom,    "genitic"    should    be 
frc}ietic. 

438.  In  the  sixth  line,  "17"  should  be  19. 

439.  In  the  ninth  line,  "Diller,  J.  C."  should  be  Diller, 


Preface. 


Tbe  most  important  economic  valae  of  the  present  vol* 
Time  consists  in: 

I.  The  oatlining  in  detail  of  all  the  '^gri^nites''  of  the 
state,  showing  a  large  supply  of  excellent  bailding  stone* 

II.  The  determination  of  the  crashing  strength  of 
those  of  the  igneoas  rocks  of  the  state  that  are  available  for 
hailding  purposes. 

III.  Absorption  tests  made  of  the  Arkansas  ''granites'^ 
and  tbeir  comparison  with  other  well  known  bailding  stones* 

The  resalts  of  these  tests  are  somewhat  remarkable, 
showing,  as  they  do,  that  the  Arkansas  "blae  granite"  (pu- 
laskite)  will  withstand  a  higher  pressure  than  any  of  the  well 
known  granites  of  the  country.  The  low  absorption  of 
water  by  this  rock  is  also  greatly  in  its  favor  for  building 
purposes,  while  its  qualities  on  the  whole  rank  it  above  all 
other  known  granites.    (See  p.  53.) 

But  while  these  igneous  rocks  of  the  state  will  doubt- 
less become  still  more  important  in  the  future,  their  chief  at- 
traction to  the  geologist  lies  in  their  purely  scientific  in- 
terest— their  history,  petrography  and  mineralogy. 

Certain  localities  in  Arkansas  have  long  been  renowned 
for  rare  and  beautiful  minerals,  and  especialy  have  those 
from  Magnet  Cove  been  earnestly  sought  for  by  collectors 
and  dealers  in  minerals.  A  large  portion  of  the  description 
of  this  interesting  region  in  the  present  report  is  taken  up 
with  the  minute  chemical  and  crystallographic  investigation 
of  both  tbe  older  and  well  known  minerals,  as  well  as  tho 
less  known,  or  entirely  unknown  varieties  which  have   been 


Xli  ANNUAL  BEPOBT  STATB  OBOIiOaiBT. 

bronght  to  light  by  the  researches  of  the  Sarvey.  The  older 
minerals  have  been  described  and  fignred  principally  from 
what  has  already  been  written:  thas  brookite  or  arkansite, 
rutile,  perofskite,  schorlomite,  eleolite,  etc.,  had  been  so 
fally  described  that  little  was  left  for  the  present  survey  to 
do  toward. their  investigation ,  while  such  minerals  aseudial- 
ite,  eucalite,  manganopectolite,  montichellite  and  others 
have  afforded  material  for  original  investigation  for  the 
present  workers. 

The  igneous  rocks  of  the  state,  however,  had  been  com- 
paratively little  studied;  and  with  the  exception  of  a  few 
desultory  notes  scattered  over  a  wide  range  of  literature,  no 
petrographic  descriptions  had  been  given  of  them.  These 
descriptions,  such  as  they  are,  were  made  mostly  without 
the  use  of  a  microscope,  and  before  petrographic  methods 
and  appliances  had  reached  their  present  state  of  progress. 
Much  space  has  therefore  been  devoted  in  this  volume  to 
detailed  microscopic  investigations  of  each  of  the  numerous 
types  of  igneous  rock.  It  has  been  found  necessary  in  the 
course  of  these  examinations  to  make  use  of  many  words 
and  names  which  are  unintelligible  to  one  not  a  petrograph- 
er,  but  it  has  been  deemed  best  to  attempt  no  popular  ex- 
planation of  these  terms,  as  such  an  attempt  would  leave  the 
reader,  unless  equipped  with  a  petrographic  microscope  and 
the  necessary  literature  without  any  clearer  idea  of  the 
subject. 

It  has  been  found  necessary  to  coin  several  new  rock 
names  for  species  which  could  not  well  be  described  by  the 
compounding  system  used  in  general  throughcut  the  report; 
thus,  pulaskite,  fourchite  and  ouachitite,  names  derived 
from  political  divisions  or  natural  features  of  the  state,  have 
been  made  use  of.  Besides  the  names  especially  mentioned, 
a  large  number  have  been  built  up  by  the  compounding  of 
the  name  of  the  principal  rock  to  which  have  been  prefixed 
the  names  of  one  or  more  important  minerals  occurring  in 
it.  There  are  few  regions  of  the  world  where  so  many 
varieties  of  rock  occur  within  such  small  areas  and  in  such 
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almost  hopeless  confasion,  and  where  besides,  disintegration 
and  erosion  have  made  a  sharp  separation  of  the  various 
types  almost  impossible. 

The  Geological  Survey  of  the  State  having  been  estab- 
lished chiefly  for  economic  purposes,  and  its  funds  being  too 
small  for  it  to  do  much  beside  purely  economic  work,  the 
study  of  the  igneous  rocks,  and  the  scientific  results  here 
presented,  would  necessarily  have  been  omitted  had  the 
Survey  not  been  so  fortunate  as  to  secure  the  aid  and  valu- 
able services  as  a  volunteer  assistant,  of  Dr.  J.  Francis 
Williams,  the  author  of  the  present  volume.  In  October 
1889,  Dr.  Williams  began  his  studies  of  these  rocks.  The 
few  observations  made  up  to  that  time  upon  igneous  rocks 
by  other  members  of  the  Survey  were  placed  in  his  hands; 
to  this  unimportant  beginning  he  has  added  five  months  of 
field  work  and  about  nineteen  months  of  ofiice  work. 
No  one  could  possibly  have  labored  more  faithfully  or  more 
enthusiastically  than  he  has  done,  and  no  one  could  have 
produced  more  satisfactory  results  within  the  time  that  he 
has  been  able  to  devote  to  it. 

To  those  interested  in  petrography  and  mineralogy  the 
scientific  results  of  Dr.  Williams'  work  need  no  commenda- 
tion, while  the  people  of  the  state  who  are  not  directly  in- 
terested in  purely  scientific  work  will  remember  that  these 
results  must  for  all  time  reflect  credit  upon  the  state  in  which 
the  work  has  been  done,  and  under  whose  auspices  the  re- 
sults are  here  published. 

The  topographic  maps  of  the  Fourche  Mountain  region 
and  of  the  Magnet  Cove  region  that  had  already  been  made 
by  the  Survey  were  placed  at  Dr.  Williams^  disposal  when 
he  began  his  work  and  appear  in  the  present  volume.  (Maps 
II.  and  IV.)  These  maps  were  made  by  instrumental  sur- 
veys (telemeter  measurements)  and  the  elevations  determined 
by  the  use  of  the  vertical  arc.  Stations  that  could  be  readily 
found  were  thus  established  over  the  entire  area  covered  by 
the  maps.    Many  of  these  stations  were  for  the   purpose  of 
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locating  partings  between  different  kinds  of  rocks,  while 
others  were  utilized  afterward  in  doing  the  parely  geological 
work.  Mr.  Louis  L.  Smith,  who  acted  as  rodman  on  the 
topographic  survey,  accompanied  Dr.  Williams,  and   by  his 

*  *  '  • .    ' 

acquaintance  with  the  stations  facilitated  references  to 
the  instrumental  lines.  The  location  of  the  dikes  and  of  the 
various  rocks  occurring  in  the  Fourche  Mountain  and  Mag- 
net Cove  areas  is  therefore  as  nearly  accurate  as  it  is  possible 
to  make  it  on  maps  of  the  scales  used. 

In  Saline  county  no  detailed  topographic  maps  were 
made,  and  map  III.  was  constructed  by  Dr.  Williams 
by  referring  to  the  land  lines  of  the  United  States  land  sur- 
veys. . 

The  analyses  given  herein,  and  for  which  the  Survey  is 
responsible,  have  been  made  by  Dr.  Williams  himself,  by  Dr^ 
R.  N.  Brackett.  the  Chemist  of  the  Survey,  or  by  Prof.  W, 
A.  Noyesof  the  Rose  Polytechnic  Institute.  Those  of  Dr. 
Williams  were  made  in  his  own  labaratory  then  at  Clark 
University  where  his  facilities  for  such  work  enabled  him  to 
guard  against  errors;  owing  to  the  lack  of  those  facilities  in 
the  Survey's  laboratory,  analyses  made  by  Dr.  Brackett  are 
to  be  credited  with  a  less  degree  of  accuracy. 

The  time  which  Dr.  Williams  could  give  to  this  work 
did  not  admit  of  his  examining,  in  addition  to  the  chief  erup- 
tive areas,  all  the  dikes  found  in  the  state.  Prof.  J.  F. 
Kemp,  of  Columbia  College,  who  has  given  much  attention 
to  the  study  of  dike  rocks,  very  kindly  undertook  the  ex- 
amination of  the  samples  collected  from  a  great  many  of 
these  dikes.  The  results  of  his  work  are  given  in  Chapter 
XII.,  and  also  in  Chapter  XIII,,  where  the  last  column  but 
two  shows  which  of  them  were  examined  by  him  and  which 
by  Dr.  Williams.  It  will  be  seen  that  Professor  Kemp  has 
done  a  great  deal  of  valuable  work  upon  these  rocks  for 
which  the  Survey  is  greatly  his  debtor.  It  is  not  convenient 
to  separate  the  determinations  made  by  Prof.  Kemp  from 
those  made  by  Dr.  Williams,  and  for  this  reason   the   obser* 


PBBFAOB.  ZV 

vations  are  all  brought  together  in  a  single  table,  and  credit 
given  to  each  observer. 

It  should  not  be  overlooked  that  the  dikes  mentioned 
m  the  table  and  those  shown  upon  the  maps  make  no  pre- 
tention to  being  the  only  eruptive  dikes  in  the  state. 
Throughout  the  entire  region  of  the  Ouachita  uplift  there 
are  probably  scores  of  small  dikes  that  have  not  been  seen 
by  the  members  of  the  Survey. 

In  the  petrographical  and  mineralogical  portion  of  the 
work  the  Survey  has  received  the  kind  aid  and  suggestions 
of  Professor  H.  Rosenbusch  of  Heidelbergi  of  Professor 
George  H.  Williams  of  Johns  Hopkins  University  and  of 
Professor  Orville  A.  Derby  of  Sto  Paulo,  Brazil.  Especial 
thanks  are  due  to  Prof.  E.  S.  Dana  of  Yale  College  for  the 
willingness  with  which  he  loaned  the  plates  from  his  Brook- 
ite  article,  and  to  Dr.  F.  A.  Genth  for  his  kindness  in  fur- 
nishing unpublished  analyses  of  several  minerals  from  Mag- 
net Cove. 

For  the  cordial  aid  and  cooperation  in  carrying  on  the 
field  work  the  Survey  is  under  especial  obligations  to  Mr. 
John  F.  Moore  and  to  Mr.  J.  M.  Henry  of  Magnet  Cove. 

The  types  and  thin  sections  of  rocks  and  minerals  de- 
scribed in  this  volume  are  the  personal  property  of  Dr.  Wil- 
liams, and  are  now  deposited  in  his  petrographic  laboratory 
at  Cornell  University,  Ithaca,  N,  Y. 

JOHN  a  BRANNER, 

State  Qeologist. 
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THE   IGNEOUS  ROCKS  OF   ARKANSAS.' 


By  J.  Francis  Williams,  Assistant  Geologist. 


CHAPTER   I. 

Geologic  Occitrrekce  of  Igneous  Rocks  in  Arkansas 

And  Adjacent  States. 

Area  and  importance. — The  total  area  of  igneous  rock 
exposed  within  the  boundaries  of  the  state  of  Arkansas  does  not 
exceed  thirteen  or  fourteen  square  miles  (3867  to  3626  hectares)^ 
but  the  value  of  these  rocks  as  building  and  paving  materials 
gives  them  great  economic  importance.  Their  formation  and 
mode  of  occurrence  are  of  especial  scientific  interest  on  account 
of  their  relation  to  the  geologic  history  of  the  state  at  large  ;: 
while  their  relations  to  each  other  are  of  even  more  importance 
from  a  purely  petrographic  standpoint/  since  they 'illustrate  tb 
relative  positions  of  certain  groups  of  igneous  rocks  whose 
mutual  relations  have  been  as  yet  but  little  studied. 

Character  of  the  rocks, — The  igneous  rocks  of  Arkansas  all 
belong  to  the  eleolite  *  syenites  and  their  associated  dike  rocks. 
They  are  of  the  abyssal  and  intrusive  classes^  as  distinguished 
from  the  metamorphic  gneisses  and  schists  and  the  true  effusives . 
It  has  not  been  absolutely  proved  that  some  of  the  rocks  did  not 
form  true  eruptive  masses^  but  on  the  other  hand  no  proof  that 

*  The  spelliog  eleolite  has  been  adopted  throughout  this  report  instead  of  elsolite  in 
order  to  shorten  the  word  and  to  make  It  oorrespond  with  the  spelling  of  Paleoaoic  now  ia. 
oommon  use. 

1  Oelogical;  Vol.  U.,  1890. 
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they  di^ occur  as  such  has  been  founds  and  since  their  crystalline 
struciirte  points  to  a  non-effusive  origin,  it  may  well  be  assumed 
thfU^.they  all  belong  to  the  abyssal  and  intrusive  rocks. 

•  ''^^Oeologie  and  geographic  position. — The  larger   masses  of 
sgn'eous  rocks  occur  on  the  southeastern  side  of  the  much  dis- 
turbed and  folded  area  known  as  the  Ouachita  uplift,  which 
'**  extends  from  the  central  portion  of  the  state  in  a   nearly  due 
/'•.west  direction   to  and  across  the  Indian  Territory  boundary. 
'"  'The  smaller  dikes  of  intrusive  rock  are  scattered  here  and  there 
throughout  the  eastern   half  of  the  uplift  and  appear  to  be 
' '     independent  of  the  folds  and  ridges,  which  were  formed  long 
before  the  intrusion  of  the  igneous  masses. 

The  larger  masses  of  igneous  rock  are,  however,  all  situated 
in  or  near  the  main  anticlinal  axis  of  the  uplift  and  it  is  probable 
that  they  were  forced  through  at  points,  where,  by  reason  of  the 
folding,  the  strata  were  somewhat  weakened.  It  will  be  shown 
later  that  it  is  probable  that  the  greater  part  of  the  erosion  which 
bas  modified  the  topography  of  this  region  to  such  an  enormous 
•extent  had  practically  been  completed  before  the  intrusion  of  the 
igneous  rocks. 

Division  of  the  eleolite  syenites  of  Arkansas  into  areas, — The 
eleolite  syenites  were  probably  all  produced  from  one  magma,  but 
since  they  occur  in  four  well  defined  areas,  and  as  the  rocks  which 
form  these  various  areas  differ  greatly  in  their  mineralogic  com- 
position, structure  and  occurrence,  each  of  the  regions  forms  a 
small  independent  group,  which  can  hardly  be  sufficiently 
correlated  with  the  others  to  allow  of  their  all  being  described 
together. 

These  four  regions  are  : 

1.  The  Fourche  Mountain  or  Pulaski  County  region. 

2.  The  Saline  County  region. 
8.    The  Magnet  Cove  region. 

4.    The  Potash  Sulphur  Springs  region. 

Outside  of  these  four  typical  regions  there  are  many  dikes 
i>f  igneous  rock  which  as  far  as  their  petrographic  characteristics 
are  concerned  might  be  associated,  as  well  with  one  group  as  with 
another,  and  which  are,  as  a   matter  of  fact,  probably  directly 


lOWEOUS  BOCKS  IN  ARKANSAS  AND  ADJACSMT  STATES.  tt 

tsoQoected   with    none   of   them,    although    formed    from    the 
eame  magma  from  which  they  all  derived  their  material. 

The  differeDces  in  straoture  and  mineralogic  composition 
observed  in  the  rocks  of  the  four  regions  are  due  to  differentia* 
tious  in  the  original  magma  from  which  they  were  fiprmed,  and 
are  attributable  in  many  cases  directly  to  the  conditions  under 
which  they  solidified.  * 

Age  of  the  igr^eous  rocks, — Although  no  very  decisive  data 
have  been  obtained  for  the  exact  determination  of  the  time  of 
the  intrusion  of  the  syenitic  rocks,  it  can  nevertheless  be 
stated  with  a  good  deal  of  certainty  that  they  were  formed  about 
the  close  of  the  Cretaceous  period.  The  formation  of  these 
rocks  did  not  take  places  at  once,  however,  but  continued  over  a 
xsonsiderable  space  of  time. 

Character  of  the  adjacent  aedimeniary  rocks. — The  rocks 
which  constitute  the  Ouachita  upliftf  consist  principally  of  shales, 
sandstones  and  novaculites  of  the  Low^r  Silurian  system  and 
these  are  bordered  on  all  sides  by  the  Lower  Carboniferous  or 
Mississippian  rocks,  which  lie  conformably  upon  the  former.  In 
the  northern  part  of  the  area  where  the  igneous  rocks  occur,  and 
especially  in  the  region  about  Little  Rock,  it  is  probable  that 
the  rocks  through  which  the  dikes  and  other  eruptive  masses 
have  broken  belong  to  the  Lower  Carboniferous  or  Mississippian 
series  and  not  to  the  Lower  Silurian.  North  of  the  Lower 
Carboniferous  occur  the  Productive  Coal  Measures  in  which  are 
located  the  coal  deposits  of  the  state.  These  are  situated  in  a 
large  synclinal  basin  which  extends  nearly  half  way  across  the 
state  from  its  western  boundary  and  is  bordered  on  all  sides,  except 
the  west,  where  it  extends  into  Indian  Territory,  by  the 
Barren  Coal  Measures.  North  of  this  the  Lower  Silurian  rocks 
form  a  wide  belt  and  extend  to  the  northern  boundarv  of  the 
state. 

Igneous  rocks  in  Htssouri, — In  the  southeastern   part  of 

«  Com  pare  **  Oo  the  CrytUllication  of  Igneont  Bocka,"  by  JoMph  P.  IddlngB,  Phil.  6oe. 
<of  Wathington,  Bulletin  XL,  1889,  p.  60;  and  "  Ueber  die  Ohemiachen  Beaiehungen  der 
EraptiTgeateine/'  too  H.  Boaeobuieh,  Mineral  u.  Petrogr.  Mlttheil.,  Band  XI.,  1889,  p.  144. 

t  For  a  detailed  deacription  of  tbia  region  see  Vol.  IIL  of  the  aonnal  report  of  Geol  • 
^arr.  of  Arkanaaa,  for  1890,  b j  L.  S.  Oriawold, 
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Missouri  are  large  areas  covered  by  Archean  rocks  consistiDg  of 
granites  and  porphyries  *  and  containing  the  well  known  iron  ore- 
deposits  of  Pilot  Knob  and  Iron  Mountain.  These  rocks  have 
been  shown  to  be  of  Archean  age  and  to  have  been  overlaid  by^ 
the  Low^  Silurian  f  rocks,  which  in  that  part  of  the  country^ 
have  been  but  little  disturbed  since  their  deposition. 

Igneous  rooks  in  Indian  Territory. — Similar  Archean  rocks- 
have  been  found  on  Spavinaw  CreekJ  in  Indian  Territory,  just 
west  of  the  northwestern  corner  of  Arkansas,  but  nowhere  within, 
the  latter  state  have  Archean  rocks  been  found. 

Another  mass  of  granite||  occurs  in  Indian  Territory  two- 
hundred  miles  south  of  the  exposure  on  Spavinaw  Creek  and 
extending  for  about  forty  miles  in  a  westerly  direction.  These 
rocks  are  described  as  granites  many  of  which  are  of  a  highly 
feldspathic  type,  and  are  cut  by  dikes  of  other  igneous  rock.  It 
is  not  quite  clear  from  Hill's  description  to  what  age  he  ascribes 
the  granite,  for  he  says,  ''From  near  the  above  mentioned 
railroad  (M.,  K.  &  T.  Ry.)  at  New  Boggy  Depot,  west  to  Tis- 
homingo  near  the  Atchison,  Topeka  and  Santa  Fe  road,  is  a  superb- 
ridge  of  granite  forty  miles  in  length  interspersed  with  dikes,  and 
completely  cutting  through  the  strike  of  the  Coal  Measures,  and 
ending  the  Fort  Smith-McAllister  coal  field.  This  granite- 
is  of  many  species  and  highly  feldspathic.  Resting  upon 
this  granite  north  of  Tishomingo,  and  increasing  in  area  westward 
is  a  superb  region  of  folds  of  fossiliferous  Silurian  limestones  and 
shales,  with  possibly  earlier  rocks,  constituting  the  Arbuckle- 
Wichita  mountain  system.  '*  From  this  it  would  appear  that  the 
rocks  are  of  pre-Silurian  age  and  that  the  cutting  off  of  the  coal 
measures  was  due  to  a  fault  and  not  to  the  intrusion  of  the  igneous, 
rock.  It  is  possible  that  these  rocks  belong  to  the  Missouri 
system  of  Archean  granites. 

«A  Contribatlon  to  the  Archaan  Geology  of  MlMOurif  by  Eratmoa  Hftwortb,  Americaa 
Geologist,  Vol.  I.,  1888,  pp.  280  and  868.  On  page  281  of  the  paper  mentioned,  there  is  found  a 
list  of  the  most  importaat  literature  on  the  snbjeoi  of  these  rocks. 

t  These  are  marked  Cambrian  on  the  Geological  Map  of  the  United  States  issued  in  the 
6th  Annual  Report  of  the  Director  of  the  U.  S.  G.  S.,  Washington,  1885. 

X  Second  Bep.  of  a  Geol.  Bcoonnoiasanoe  of  the  Middle  and  Southern  Counties  of  Ar-^ 
kansas,  by  DaTid  Dale  Owen,  1860,  pp.  16  and  408. 

I  Exploration  of  the  Indian  Territory  and  the  Medial  Third  of  the  Bed  Rlrer  by  B» 
T.  Hill.    Am.  Geologist,  Vol.  VI.,  1890,  p.  202. 
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Tertiary  and  Pleistocene  of  Arkansas. — All  of  the  Paleozoic 
formaUoQs  in  Arknnaas  and  soathern  Missouri  are  cut  off  on  the 
•eastern  side  by  Tertiary  and  Pleistocene  deposits^  and  the  border 
line  between  them  and  the  latter  is  approximately  parallel  to  the 
•courf^e  of  the  Mississippi  Biver^  until  the  center  of  the  state  is 
reached  and  it  then  turns  more  to  the  southwest.  In  Pulaski  and 
43aline  counties  these  deposits  directly  overlie  the  igneous  rocks, 
And  show  that  they  were  deposited  after  the  intrusion  of  the 
latter. 

Cretaceous  in  Arkansas, — The  Ouachita  uplift  is  bounded 
on  the  south  by  a  band  of  Lower  Carboniferous  rocks  and  the 
latter  are  in  turn  cut  off  on  the  south  by  the  Cretaceous*  deposits 
of  southwestern  Arkansas  which  lie  interposed  between  them 
:aud  the  Pleistocene  deposits  further  south.  These  Cretaceous 
rocks  are  of  especial  importance,  as  indicating  the  age  of  the 
igneous  rocks  found  in  Pike  county,  Arkansas.  The  latter 
break  through  the  Cretaceous  beds,  and  show  conclusively  that 
they  are  posterior  to  them.  It  is,  however,  impossible  to  decide 
whether  or  not  these  peridotites  of  Pike  county  should  be  correl- 
ated with  any  of  the  other  igneous  intrusions  found  within  the 
«tate  of  Arkansas. 

Igneous  rocks  of  Texas. — The  Cretaceous  formation  extends 
through  southwestern  Arkansas  and  thence  south  into  Texas. 
At  several  places  igneous  intrusions  have  been  noted  and  one  of 
-especial  interest  near  Austin,  called  Pilot  Knob,t  has  been  de- 
f^cribed  byR.  T.  Hill,  as  having  appeared  as  a  true  eruptive  rock, 
-during  Cretaceous  times.  The  rock  is  described  by  J.  F.  Kemp 
•as  a  uepheline  basalt,  and  it  is  possible  that  it  may  have  been 
formed  at  the  same  time  as  some  of  the  dikes  and  intrusions  in 
Arkansas.  Other  intrusions  of  this  character  in  the  Texas. 
Cretaceous  are  reported  to  be  numerous,  but  their  petrographio 
-characteristics  have  not  as  yet  been  worked  out. 

Besides  these  intrusions  of  igneous  rocks  large  masses  of 

*  See  the  report  oo  the  Neozoic  Geology  of  Southweatern  Arkansas,  hj  Bohert  T.  Hill, 
Annual  lUport  of  the  Oeolog.  Survey  of  Arkansas  for  1888,  Vol.  II. 

t  Pilot  Knob:    A  Marine  Cretaoeous  Volcano,  by  Bobert  T.  Hill,  with  Notes  on  Ita 
^trograpby  by  J.  F.  Kemp,  Am.  Oeologist,  Vol.  VI.,  1890,  p.  286. 
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pre-Cambrian  rocks  occur  in  the  Central  Mineral  Region*  of 
Texas,  which  comprises  a  part  of  Burnet|  Mason  and  Llano 
counties, 

Omdusiona. — It  thus  appears  that  the  eleolite  syenites  and 
the  associated  dike  rocks  of  Arkanpas  form  a  unique  group, 
situated  in  an  area,  on  all  sides  of  which  (except  perhaps  the 
south)  igneous  rocks  of  an  entirely  different  character  are  founds 
That  such  an  area  of  igneous  rock  is  of  great  interest,  not  only 
from  an  economic,  but  also  from  a  scientific  point  of  view  need 
hardly  be  emphasized. 

*  Fint  Annual  Beport  of  the  Geological  SnrTej  of  Texas,  1889.    E.  T.  Domble,  State. 
Qeologitt,  1889,  p.  2S9,  Beport  by  T.  B.  OomBtock. 


CHAPTER  11. 

Gekebal  Litebatube  on  the  Igneous  Bocks  of  Abkansas* 

Macrery, — The  earliest  mention  of  igneous  rock  in  the  state 
of  Arkansas,  then  called  the  Territory  of  LouiBiana,  *  which  has 
been  found  was  made  by  Joseph  Macrery^  M.  D.,  f  of  Natchez^ 
Mississippi  Territory,  in  the  year  1806.  Macrery  writes  that  he 
received  his  information  from  a  certain  "  Major  £.,  a  gentleman 
of  the  first  respectability  in  this  territory^''  who  visited  the 
Springs  in  1804,  in  company  with  a  party  of  gentlemen  from 
Mississippi.  He  then  proceeds  to  describe  the  hot  springs  and 
their  surroundings.  He  says  (p.  48)^  ^'  Silez  or  flint  with  its 
various  combinations^  often  in  the  form  of  granite,  is  the  stone 
most  commonly  met  with.".  He  describes  among  other  speci- 
mens brought  him,  '^Feldspar  of  a  white,  inclining  to  a  red 
color,  granulated  texture,  the  surface  covered  with  crystals  of  a 
rectangular  form  and  very  brilliant;  black  schorl,  with  pieces  of 
quartz  intermixed."  He  then  says,  ''  Volcanic  productions  are- 
common.  The  face  of  the  country  bears  strong  marks  of  fire.  A 
rapid  decomposition  of  mineral  bodies  below  the  surface  still 
appears  to  go  on."  It  appears  from  the  foregoing  sentences 
that  Major  E.  must  have  passed  through  Magnet  Cove  on  his 
way  to  Hot  Springs.  The  next  statement  appears  to  be  a  little 
out  of  keeping  with  what  has  since  been  found  near  Hot 
Springs,  but  it  is  quoted  as  it  whs  written.     It  runs  as  follows : 

«  All  that  portion  o'  the  Uoltsd  States  which  Uee  west  of  the  liUwlBolppl  RUer,  and  li 
bounded  on  the  tonth  by  the  OnU  of  Mexico  and  Mexico,  aa  It  then  existed,  and  by  Canada  on 
the  north,  wee  phrchaeed  from  France  in  1803,  and  in  180S  all  that  portion  of  It  north  of  the- 
present  Louisiana  state  line  was  organUed  as  the  Territory  of  Louisiana,  being  what  had  pre- 
Tloosly  been  known  as  the  District  of  Louisiana. 

t  A  dcecrlptlon  of  the  Hot  Springs  and  Volcanic  Appearances  In  the  Country  adjoining 
the  RlTer  Ouaehltta  in  Louisiana.  Communicated  in  a  letter  from  Joseph  Macrery,  M.  D.,  of 
Vatchex,  to  Dr.  Miller.    New  York  Medical  Bepoeitory,  Vol.  IIL,  1806,  pp.  47-50. 
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^^  Major  E.^  during  his  stay  last  summer  at  the  springs,  witnessed 
a  great  explosion  of  one  of  the  mountains  in  the  vicinity, 
attended  with  the  sensation  of  an  earthquake.  An  immense 
•column  of  flame  and  smoke  was  seen  to  ascend  a  great  distance : 
one  of  his  hunters  was  near  the  place  at  the  time.  He  visited 
the  mountain  the  day  after  the  eruption  and  observed  lava  still 
flowing  in  the  fissure  caused  by  the  explosion. " 

Schoolcraft. — In  1819  Henry  B.  Schoolcraft  published  the 
results  of  two  years  travel  and  investigation  in  the  territories* 
•of  Missouri  and  Arkansas.t  On  page  190  he  mentions  mica  as 
being  found  at  the  *'Hot  Springs  of  Washitaw.'^  He  states  that 
'^^  the  lamina  are  small,  extremely  flexible,  of  a  greenish  yellow 
color  and  admitting  very  little  light  through  their  broader  faces.'' 
On  page  192  he  describes  lodestone  (native  magnet)  and  states 
that  this  substance  is  found  at  a  place  called  Cove,  fifteen  miles 
below  the  Hot  Springs  in  Clark  County  (then  embracing  much 
more  territory  than  now).  He  says,  ''  The  quantity  is  represented 
as  very  great  and  it  possesses  a  strong  magnetic  power."  He 
notes  that  other  ores  of  iron,  pyrites,  quartz,  white  vitriol,  etc., 
are  found  at  the  same  place.  On  page  209,  under  the  head  of 
sulphate  of  zinc  (white  vitriol),  he  says,  '*  On  the  authority  of 
Dr.  Andrews,  of  Mount  Prairie,  on  the  Bed  River,  I  mention- 
the  existence  of  native  sulphate  of  zinc  on  the  Washitaw  River 
in  Clark  County,  Arkansaw  Territory.  It  is  found  in  a  highly 
interesting  section  of  country  about  fifteen  miles  below  the  Hot 
Springs,  and  which  also  affords  iron,  loadstone,  novaculite,  quartz, 
mica,  <&c.  The  rock  formation  is  argillaceous  slate  traversed 
by  veins  of  white  quartz.^'  On  the  same  authority,  he  mentions 
the  existence  of  native  sulphate  of  copper  and  of  a  saline  material 
similar  to  Glauber's  salts. 

On  page  262  under  the  section  head  of  '^  Hot  Springs  o^ 

*  While  Schoolcraft  was  making  his  obserratiooa,— vis.,  1817  and  181&— the  region  was  all 
known  as  Missouri  Territory,  but  early  in  1819  Arkansas  Territory  wss  formed  and  oovered 
much  the  same  area  as  that  now  occupied  by  the  state  of  the  same  name.  The  State  of  Arkansas 
was  admitted  to  the  union  in  1886. 

1  A  View  of  the  Lead  Mines  of  Missouri  inclndiog  some  obserrations  on  the  mineralogy, 
geology,  geography,  antiquities,  soil,  climate,  population  and  productions  of  Missouri  and 
Arkansaw,  and  other  sectloos  of  the  Western  country.  By  Henry  B.  Schoolcraft,  New  York 
(Chas.  Wiley  A  Oo.)i  1819,  (800  pages  and  three  engraTings). 
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Ouachitta  (Washitaw)"  be  meotions  the  Cove  fifteen  miles  below 
tbe  springs  and  reeapitalates  tbe  minerals  found  tbere,  as  given 
^bove. 

Bringier. — A  description  of  the  minerals  and  rocks  of 
Arkansas,  and  particularly  of  those  of  Magnet  Cove  was  published. 
in  the  year  1821.*  The  iron  ore  deposits  of  the  "Cove  of  Waohitta" 
are  mentioned  and  are  said  to  yield  a  very  fine  quality  of  iron.  The 
occurrence  of  both  magnetite  and  a  cellular  limonite  is  noted* 
Masses  of  sulphate  of  lime,  and  talc  (Mica  ?  Editors  of  Silliman'a 
•Journal)  in  extraordinarily  large  plates  or  sheets  are  mentioned. 
The  Cove  is  said  to  abound  in  kaolin  and  petunze  of  a  very  superior 
•quality  for  the  manufacture  of  porcelain.  Native  copper  was 
reported  to  have  been  found  there  by  an  Indian.  Pyriteand 
native  copperas  were  also  reported,  as  well  as  a  white  talcose 
earth,  which  was  infusible  before  the  blowpipe. 

Burr  mill  stones  were  made  from  the  rocks  forming  the 
hills  about  the  ''  Wachitta  Cove''  and  were  pronounced  to  be  of  a 
very  fine  quality. 

The  editor  of  the  journal  in  which  this  article  appeared 
'(Prof.  Benjamin  Silliman)  states  in  regard  to  the  above  paper, 
that  at  his  request,  the  Rev.  Mr.  Cornelius,' who  had  in  Series  1, 
Vol.  L,  pp.  214  and  317,  of  the  American  Journal  of  Science, 
published  the  results  of  his  observations  on  some  of  the  southern 
and  southwestern  states,  sent  him  a  letter,  which  he  had  received 
from  L.  Bringier,  Esq.,  of  Louisiana,  and  which  embodied  a 
large  mass  of  information. concerning  those  portions  of  the 
-southwest  which  Cornelius  himself  did  not  visit.  In  regard  to 
this  letter,  the  editor  writes :  '*  Although  somewhat  im- 
methodical,  it  abounds  so  much  with  interesting  statements,  that 
we  have  thought  it  better  to  publish  it,  with  some  alterations 
and  omissions  (agreeably  to  the  author's  permission  communi- 
cated with  the  paper),  rather  than  to  attempt  a  new  digest  of  the 
subjects,  for  Mr.  Bringier  appears  to  have  contemplated  little 

•  NotioM  of  Qeology,  Mineralogy,  Topography,  Prodactlons,  and  Aboriginal  Inhabitants 
n>f  the  regions  around  the  Miariasippi  and  its  confluent  waters,  in  a  letter  from  !•.  Bringier, 
£tqM  of  Louisiana,  to  Ber.  Elias  Oomelius.  (The  letter  itself  was  dated  March,  1818,  so  that 
^heee  ioTestlgations  eridently  antedate  those  of  Schoolcraft.) 

Am.  Joor.  of  Science  (SiUiman's  Journal),  Series  1,  Vol.  III.,  New  Haren,  1821  pp.  16-47 
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more  than  the  communication  of  materials^  to  be  wrought  inta 
a  different  form.'' 

The  editor  submitted  the  article,  in  the  manuscript  form,  to. 
^'N.  A.  Ware,  Esq.,  an  intelligent  and  scientific  gentleman, 
from  Alabama,"  who  gave  his  opinion  on  many  facts  stated 
in  the  manuscript ;  and  his  letter  is  published  as  a  foot  note  ta 
the  main  article.  In  this  letter  Ware  states,  '^  I  have  no  doubt, 
of  the  granite  or  primative  mountains,  on  the  Arkansas,  and 
neighborhood/'  A  careful  perusal  of  the  article,  as  it  ap* 
pears  in  print,  reveals  no  mention  of  such  granite  by  Bringier^ 
and  it  is  probable  that  it  was  omitted  when  the  manuscript  was. 
revised.  If  Bringier  saw  granite  on  the  Arkansas  River,  or  in 
its  immediate  neighborhood,  and  reported  it  in  his  letter  to 
Cornelius,  be  certainly  should  have  the  credit  of  being  the  first 
person  to  mention  the  igneous  rocks  of  the  Fourche  Mountain, 
region. 

FeaihersUmhaugh. — The  earliest  scientific  description  of^ 
the  igneous  rocks  of  Arkansas,  was  given  by  6.  W.  Feather- 
stonhaugh,  in  a  report*  presented  to  the  House  of  represent- 
atives in  1885.  The  examination  of  the  country  on  which 
this  report  was  based,  was  made  inside  of  six  months,  includ- 
ing the  time  required  for  a  trip  to  and  from  Washington^ 
The  entire  distance  was  traveled  upon  horse-back  and  a 
profile  was  drawn  illustrating  the  geology  of  the  whole  route 
from  the  Atlantic  coast  by  way  of  St.  Liouis  to  Arkansas, 
and  Texas.  It  is  remarkable  to  note  how  well  Featherston- 
haugh  observed,  and  notwithstanding  the  obstacles  with 
which  he  had  to  contend,  in  the  form  of  wild  and  unopened 
country*  and  poor  traveling  facilities,  how  much  territory 
he  was  able  to  cover  and  investigate. 

He  describes  Magnet  Cove  (page  62)  and  mentions  ita 
nearly  circular  form  and  compares  it  to  the  Virginia  and  Ten-^ 
nessee  coves.  He  remarks  the  presence  of  deciduous  trees  on 
the  igneous  rocks,  while  the  siliceous  rocks  are  covered  with 

*>  Geological  Beport  of  an  ezamlDatioD  made  in  1834  of  the  Elevated  Country  betweeiv 
the  Misiouri  and  Red  RiTer«,  bj  O.  W.  Feathentonhaagh,  U.  S.  Geologist  Waahlngtoi^ 
(Galea  and  Beaton),  1885,    (97  pages  with  a  section). 
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pine.  He  notes  ^'greenstone/'  containing  much  crystal-^ 
lized  hornblende,  and  '^a  coarse  grained  syenite  consisting 
of  red  feldspar,  hornblende,  mica,  and  some  qnartz/'  He 
then  mentions  the  magnetic  iron  ore,  from  which  be  saya^ 
the  Cove  took  th.e  name  of  ''  Magnet  Cove,''  by  which- 
it  was  then  known.  He  refers  the  rock  of  the  Cove  to  the^ 
older  intrusive  rocks  and,  perhaps,  to  a  very  remote  volcanic 
formation. 

It  is  surprising  that  Featherstonhaugh  makes  no 
mention  of  the  Fourche  Cove  and  the  Pulaski  County  syenite^ 
region,  for  W.  B.  Powell  states  (see  below)  that  Feather- 
stonhaugh was  taken  thither  by  Hev.  W.  W.  Stevenson,  of 
Little  Rock,  and  had  the  whole  region  shown  to  him. 

Powell. — In  1842  W.  Byrd  Powell,  a  professor  of  phrenology^ 
and  geolof[;y  in  the  Medical  College  of  Louiniana,  spent  "a  few 
weeks"  at  the  Fourche  Cove  and  then  presented  the  results  oF 
his  investigations,  in  the  form  of  a  pdmphlet,  to  the  Anti* 
qnarian  aud  Natural  History  Society  of  the  State  of  Ar- 
kansas.* He  begins  bis  account  of  the  region  with  some^ 
general  remarks  on  the  use  of  geology  and  soon  passes  to  the 
description  of  the  Cove  and  its  rocks.  He  connects  the  rocks  of 
this  region  with  those,  which  he  had  heard  of  as  •existing  in 
Saline  county.  Magnet  Cove,  aud  the  Little  Missouri  (Pike 
county)  region  and  of  which  he  had  seen  a  few  hand  specimens^ 
and  states  that  all  idea  of  intrusiveness,  as  suggested  by  Feather- 
stoohaugh  for  the  Magnet  Cove  region,  is  disproved  by  the  great 
extent  of  country,  which  these  rocks  cover,  as  well  as  by  their 
^^highly  perfect  and  crystalline  character."  He  states  that  he 
considers  them  as  of  '^primitive  origin." 

In  describing  the  rock  itself,  he  speaks  of  the  granite  as  bein  g^ 
of  the  feldspathic  variety,  and  states   that  it  contains  in  some 
places  mica  and  in  others  hornblende,  while  in  both  cases  it  is  free 
from  quartz.     He  describes  several  other  forms  of  rock  under 

*  A  Geological  Report  opon  the  Fourche  Goto  and  Ita  Immediate  Yicinitj,  with  w  me^ 
remarks  upon  their  importance  to  the  Science  of  Geology  and  apon  the  ralae  of  their  Prod  uo- 
tioni  to  the  Arts  of  civUlied  Soeietj,  icoompanied  with  a  suit  of  specimens  and  a  catalogue ::. 
presented  to  the  "  Antiquarian  and  Natural  Historj  Society  of  the  State  of  Arkansas,"  by  W.. 
Byrd  Pgwell,  M.  D.,  Little  Rock,  1842.    (22  pages  and  sketch  map). 
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naines  the  exact  significance  of  which  he  evidently  did  not  know. 
Among  these  may  be  mentioned  corneans^hond)lenderockf  basalt, 
igreeruitone^  gneiss  and  grawwaohe.  He  points  out  many  localities 
where  technically  useful  materials  may  be  obtained,  and  closes  by 
giving  a  list  of  120  specimens,  which  were  presented  to  the 
Antiquarian  Society  of  Little  Rock  and  adds  a  sketch  map  of 
the  region  on  which  the  localities,  where  the  specimens  were 
'Collected,  are  indicated  by  letters. 

Shepard. — In  1846*  Prof,  C.  U.  Shepard    mentioned  the 

'  occurrence  of  eleolite  as  a  mineral  at  Magnet  Cove  and  described 

several  varieties  of  rock  from  Pulaski,  Saline  and  Hot  Spring 

-counties  as  well  as  that  from  the  Little  Missouri  River  in  Pike 

county.     After  visiting   the   locality  in  1861,  he  speaks  f    of 

^^'  Eudialyte  imbedded  in  feldspar  and  associated  with  segirine, 

the    three  belonging    to  the  extensive  elseolite  rock  of  that 

remarkable  region.'' 

£ngleman. — In  1861  Dr.  George  Engleman  added  some  notes 
to  Dr.  H.  King's  paper,  entitled  **  Some  Remarks  on  the  Geo- 
logy of  the  State  of  Missouri,"]:  read  at  the  Cincinnati  Meeting 
of  the  American  Association  for  the  Advancement  of  Science. 
In  these  notes  he  mentions  two  of  the  syenite  lojcalities  of  Ar- 
kansas, and  also  describes  the  black  micaceous  rock  of  the  state 
-quite  correctly.  He  says ;  ^'  Within  the  unfossiliferous  sedimen- 
tary rocks,  I  found  a  beautiful  gray  syeuite,||  sometimes  changed 
into  large  masses  of  kaolin  ;  and  at  another  locality,  *  Magnet 
Cove,'  a  buccession  of  hills  or  knobs  of  black  and  white  syenite 
mostly  coarse  grained,  and  of  true  trachyte,  with  large  glassy 
ieldspar.  At  other  places  anomalous  rocks,  of  a  singular  structure 
were  observed,  having  sometimes  the  appearance  of  amygdaloid, 
probably  metamorphic.  Porphyry  and  granite  (without  mica) 
which  occur  in  the  syenite  of  Missouri,  I  have  not  seen  in  Ar- 
kansas. The  connection  of  these  rocks  with  the  stratified  rocks 
has  not  been  observed." 

^  Oq  three  new  mineral  species  from  Arkansu  and  the  diicoTery  of  the  Diamond  In 
^otth  Carolina,    By  C.  U.  Shepard,  Am.  Joar.  Sci.,  Series  2,  Vol.  II.,  1846,  p.  249. 

t  Mi neralogical  Notes  bj  C.  U.  Shepard,  Am.  Jour.  Sci.,  Series  2,  Vol.  XXX Vn., 
4864,  p.  4C7. 

X  Proceedings  of  the  A.  A.  A.  S.,  Vol.  V.,  1851,  p.  182.    Note  on  page  199. 

I  Fourcbe  Mountain  region. 
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''  In  the  claj  slate,  and  probably  in  it  only«  trap  dikes  are 
very  common^  especially  near  the  Saline  River.  Sometimes 
these  dikeSy  one  or  more  together^  traverse  the  strata  of  slate 
leaving  them  undisturbed  on  the  edges,  or  in  other  localities^., 
bending  them  upward  on  both  sides  of  the  dike.  In  other  cases^ 
one  or  more,  (I  have  seen  as  many  as  four)  strata  of  trap  are 
wedged  in  between  the  strata  of  slate,  apparently  interstratified 
with  them,  but  evidently  forced  in  acfter  the  formation  of  the 
slate.  In  one  locality  I  have  found  the  ends  of  these  strata 
running  out  rounded,  as  if  they  had  been  forced  in  in  a  semi- 
fluid consistency  ;  and  not  changing  the  lithological  character  of' 
the  clay  slate.  In  another,  &  mass  of  several  feet  thick  had 
split  in  hundreds  of  small  veins,  only  a  few  lines  wide,  but  easily 
distingubhed  from  the  altered  and  stratified  rock.  These  trap, 
rocks  are  very  remarkable  on  account  of  the  presence  of  black 
mica  which  in  some  of  them  occurs  in  great  abundance,  and  in 
large  and  finely  formed  crystals." 

Engleman  then  proceeds  to  compare  the  magnetic  iron  ore  of' 
Magnet  Cove  with  the  deposits  of  iron  ore  near  Lake  Superior 
and  especially  with  those  of  Missouri*  He  considers  the  granites 
and  Silurian  limestone  on  the  Llano  River  in  Texas  to  be  con- 
nected  with  the  granite  and  syenite  of  Arkansas,  Missouri,  and 
of  Lake  Superior,  and  perhaps  with  that  of  the  plateau  of 
Mexico. 

Barney, — In  1852  the  Secretary  of  War  communicated  to 
the  32nd,  Congress*  a  report  by  Joshua  Barney,  on  a  Survey 
of  a  Route  for  a  Railroad  from  the  Valley  of  the  Mississippi 
to  the  Pacific  Ocean,  commencing  at  St.  Louis,  Mo. 

In  this  Barney  says :  *^  The  hills  bordering  the  valley  of  the 
Fourche  Bayou  are  very  high  and  those  on  the  right  of  the  stream 
appear  to  be  one  mass  of  granite.  There  is  as  isolated  hill  within 
four  miles  of  the  Arkansas  on  the  right  bank  of  the  Fourche  >. 
called  Iron  Mountain,  which  rests  on  a  base  of  granite  of  very 
superior  quality  for  building,  from  which  blocks  of  any  dimension 
can  be  obtained.     The  hill  rises  to  a  height  of  200  to  300  feet.'' 

Warder. — In  1854  J.  A.  Warder  published  a  pamphlet  on 

*  Exec.  Docnmente,  No.  49,  Senate,  p.  SI. 
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the  geology  of  the  Arkansas  River,*  in  which  he  mentions  the 
syenite  of  Foarche  Mountain,  as  a  ''veritable  granite''  and 
ascribes  to  its  intrusion^  the  formation  of  the  namerous  folds 
and  veins  in  the  region  about  Little  Bock. 

Owen, — In  1860  appeared  the  second  reportfof  the  first  geo- 
logical survey  of  the  state  under  David  D.  Owen,  in  which  he, 
first  of  all  (page  16),  states  In  general  terms^  his  opinion  that  there 
is. a  great ''  granitic  axis  which  gives  to  Arkansas  its  peculiar  geo- 
graphical features  and  has  greatly  disturbed  and  modified   its 
geological  rock-formations,  aided,  undoubtedly,  by  a  continuous 
widespread,  underground  extension  of  these  igneous  rocks,  on  a 
platform  of  which  the  stratified  rocks  of  Arkansas  repose,  at   a 
greater  or  less  depth,  conforming  to  the  contour  of  the  waved 
i9urface."     He  suggests  the  probable  existence  of  another  granitic 
axis  further  to  the  north,  but  states  that  the  granite  only  appears 
on  the  surface  at  a  point  near  the  mouth  of  Spavinaw  Creek  in 
Indian     Territory.^       After    ascribing   the  cause   of  the  -hot 
water  outflow  at  Hot  Springs  to  the  same  igneous  action,  which 
produced  these  granite  protrusions  he  states  that  he  has  discov- 
ered no  outcrop  of  real  igneous  or  crystalline  rocks  nearer  than 
Tiga§  Creek  on  the  borders  of  Magnet  Cove,  a  distance  of  ten 
•miles  in  a  direct  line  from  tl\e  Hot  Springs."  (p.  24).     He  next 
<lescribes  Magnet  Cove  (pp.  30-31)  and  gives  a  list  of  the  more 
important    minerals    and  rocks  that  occur  there.       As  these 
must  be  referred  to  later  under  the  head  of  Magnet  Cove,  they 
may  be  passed  over  here  without  further  mention.     Owen  men- 
lions  (p.  31)  the  beauty  of  the  granites  of  the  Fourche  Cove  and 
Saline  County  regions  and  shows  that  they  might  be  very  pro- 
^tably  qnarried  at  either  place.     He  next  describes  briefly  (p.  32) 

*  A  Oeological  RecoDooiasance  of  the  ArkaDias  Rlyer,  bj  Prof.  J.  A.  Warder  of  OIdcId- 
•Dati,  O.,  Cleyeland,  0.,  18M,  (27  pages  with  22  woodcata),  pp.  10  to  12. 

t  Second  Report  of  a  Geological  Reoonnoiasaoce  of  the  Middle  and  Southern  Counties  of 
Arkansas,  made  during  the  years  1809  and  1860,  bj  David  Dale  Owen,  and  others.  Philadel- 
phia, (Sherman  A  Son)  1860,  (488  pages  with  numerous  chromolithographs). 

X  Edward  T.  Cox,  assistant  geologist  under  Dr.  Owen,  after  the  latter's  death,  Tisited 
Spayinaw  Greek  (Owen's  Report,  p.  408.)  and  followed  its  course  for  about  thirteen  miles,  bat 
•contrary  to  his  expectations,  without  finding  any  of  the  **MiS!0uri  granite"  inside  of  the 
borders  of  Arkansas. 

I  Tiga  or  Teager.    (See  chapter  X). 
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«  small  area  of  igneous  rock  in  Pike  county,   which  he   calls 
"^'porphyritic  greenstones"  and  "traohytic  rocks." 

Owen  states  (p.  32)  that  only  two  instances  of  ^'overlying 
t^rystalline  rocks"  are  known,  one  of  which  is  exposed  on  the 
southwest  bank  of  the  Ouachita  River  near  Mill  Gap,  one  mile 
from  Magnet  Cove.  He  says:  ''Here  a  hard,  tough,  horn- 
blendic  rock,  with  large  flakes,  and  crystals  of  jet  black  mica,  is 
^een  reposing  conformably  on  the  comparatively  soft  layers  of 
Blate,  inclined  at  an  angle  of  10^  to  11^,  dipping  into  the 
Ouachita  River  obliquely  across  the  channel." 

Under  the  head  of  "Remarks  on  the  Various  Counties,"  he 

repeats  some  of  his  previous  remarks  about  the  special  regions 

referred  to.    Thus  (p.  69)  he  describes  at  some   length  *  the 

rocks  and  minerals  of  Fourche  Cove,  mentioning  a  black  por- 

f)hyritic  basalt,  as  well  as  several  varieties  of  granite. 

In  that  portion  of  the  report  devoted  to  Hot  Spring  county, 
he  returns  to  the  subject  of  Magnet  Cove  (pp.  104  and  106)  and 
then  passes  to  a  description  of  the  several  ''Chalybeate  springs'' 
^p.  106)  on  the  east  side  of  the  Hot  Springs  ridge.  He  notes 
that,  "near  Fairchild's  Mineral  Spring  the  rock  is  a  kind  of 
tjuartz  porphyry,  amongst  which  a  calc  spar  rock  is  also  found." 

In  Saline  county  he  mentions  (p.  108)  the  "protrusions"  of 
granite  in  2  S.,  14  W.,  and  notes  an  occurrence  of  a  trap  and 
tiornblende  dike  in  1  N.,  17  W.,  section  32.  This  he  states  to 
be  of  "undoubted  igneous  origin."  He  also  mentions  loose  pieces 
of  granite  on  Lindsay's  branch  of  the  South  Fork  of  the  Saline 
River  near  Mrs.  Richardson's,  and  a  dike  of  black  crystalline 
basaltic  rock,  lying  conformably  with  the  argillaceous  rock  of 
the  region. 

Under  the  head  of  Pike  county,  he  states  (p.  124)  that  a 
shaft  had  been  sunk  twenty-one  feet  through  the  already 
mentioned  porphyritic  rock  without  striking  any  regular  ore 
Teiu,  and  (p.  127)  that  a  quarter  of  a  mile  south  of  the 
-eruptive  area  already  described,  there  was  an  indication  of 
an  eruption  of  rock,  which  had  never  reached  the  surface. 

•TbiiwlU  be  dltcoMed  more  in  deUil  under  the  head  of  the  igneous  rockeof  the 
FooTclie  Mountain  region  (tee  chapter  III). 
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Under  the  heading,  '^  Survey  of  The  Foarche  Cove  in 
Pulaski  County,  Arkansas,  by  Joseph  Lesley,  Topographical 
Assistant,'^  (pp.  153-162)  a  short  description  of  the  topography 
of  the  region  and  a  few  notes  on  the  geology  are  given.  At  the 
•nd  of  this  notice  the  following  sentence  occurs:  "  The  con^ 
tour-line  relief  map  of  this  district,  if  published,  will  be  found 
at  the  end  of  the  volume.''  * 

OuUer, — A  guide  to  Hot  Springs  f  was  published  in  1874  in 
which  Magnet  Cove  and  the  Hot  Springs  region  is  describecl 
(pages  71-80).  The  description  is  copied  directly  from  Owen'a 
Report,  but  a  few  notes  are  added,  which  are  of  interest  in  the 
consideration  of  the  igneous  rocks  of  that  locality.  In  referring 
to'Owen's  statement,  that  no  crystalline  rocks  had  been  observed 
by  him  nearer  Hot  Springs  than  '*  Tiga  Creek,"  Cutter  remarka 
(p.  74):  **  They  have  since  been  found  in  the  mountains  north 
and  east  of  Hot  Springs,  within  two  or  three  miles,  but  not  in 
any  great  quantity  and  small  in  size." 

On  page  77  Cutter  states  that  Owen  was  mistaken  in  regard 
to  the  depth  to  which  the  lodestone  at  Magnet  Cove  extends. 
He  says :  "  The  loadstones  are  now  quite  scarce,  and  the 
Professor  was  mistaken  in  regard  to  the  iron  ore  extending  to 
any  great  depth.  Dr.  6.  W.  Lawrence,  who  now  owns  part  of 
the  Mitchell  farm,  says  it  is  confined  to  within  a  f^w  feet  of  the 
surface.  The  writer  (Cutter)  examined  several  places  and  could 
find  none  three  to  five  feet  below  the  surface;  but  it  does  exist  in 
other  parts  of  the  Cove  and  on  the  hills  surrounding  it."  On  the 
next  page  Cutter  mentions  the  idea  held  by  many,  that  nickle 
and  gold  are  to  be  found  on  the  farm  of  James  Henry  ;  and  notes 
the  fact  that  during  the  war  sulphur  was  manufactured  from 
pyrite  found  there. 

Harvey. — In  1886  F.  L.  Harvey  published  a  pamphlet  on  the 

*  Owing  to  the  incomplete  state  in  which  the  Surrey  was  left  by  the  death  of  Professor 
Owen,  this  map  was  never  published,  and  the  original  of  It  was  probably  taken  to  Philadelphia 
by  Mr.  Lesley,  the  topographer,  and  cannot  now  be  found. 

t  The  Hot  Springs  (of  Arkansas)  as  they  are,  Illustrated,  A  History  and  Guide,  By 
Ohas.  Cutter,  Second  Edition,  St.  Louis,  Mo.  (Southwestern  Book  and  Pub.  Co.),  1875,  (109 
pages  and  9  wood  cuts). 
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''  Minerals  and  Bocks  of  Arkansas.''  *  After  noting  the  various 
minerals  found  in  the  state^  Harvey  gives  a  list  of  the  crystalline- 
rocks  with  their  localities.  Among  these  he  notes  granite^  por-» 
phyritic  granite,  graphic  granite,  syenite,  hornblende  rock,, 
nephelitic  granite,  dolerite,  etc.  It  is  event  that  he  only 
determined  the  above  varieties  macrosoopically,  for  the  use  of 
the  microscope  would  have  brought  him  to  a  very  different 
nomenclature. 

Roaenbuseh, — H.  Rosenbusch  in  his  Mikroskopische  Phys* 
iographie  der  Massigen  Gesteinef  notes  the  occurrence  of 
eleolite  syenites  (p.  91)  from  Hot  Springs,  t  Arkansas,  and  under 
the  head  of  phonolite  (p.  631)  states,  that,  according  to  a  com- 
munication from  H.  Carvill  Lewis,  pseudomorphs  of  feldspar 
and  muscovite  after  leucite  occur  in  the  Hot  Springs  region, 
and  that  this  would  indicate  the  presence  there  of  a  lencitophyr 
or  a  leucite  phonolite.  This  would,  he  says,  be  the  more 
intererting,  from  the  fact  that  eleolite  syenite  is  already  known 
from  that  locality. 

Oomstock. — In  1888  volume  I  of  the  annual  report  of  the 
Geological  Survey  of  Arkansas  appeared.§  It  consists  principally 
of  a  **  Report  upon  Preliminary  Examination  of  the  Geology 
of  Western  Central  Arkansas  by  Theo.  B.  Comstock,  Dr.  Sc,"  and 
in  this  occasional  mention  is  made  of  igneous  rocks.  Thus 
(pages  7  to  11)  the  syenites  in  the  neighborhood  of  Little  Rock 
are  described  and  the  occurrence  of  porphyries  and  massive 
igneous  rocks  iloted.  The  order  of  the  overlying  sedimentary 
rocks  and  their  stratigraphic  relation  to  the  igneous  rocks  is  also 
stated. 

On  pages  55  and  56  some  granitic  rocks  about  Potash  Sulphur 
Springs  are  described  and  a  few  remarks  about  their  mineralogic 
composition  are  added.    Pages  81,  82  and  83  are  devoted  to  a 

«  The  Mlneimlfl  and  Bodu  of  Arkauui  A  OftUlogue  of  the  Species,  with  localities  md 
DOtea,  by  F.  L.  Harrej,  B.  So.,  Philadelphia,  (Grant  and  FaJre»)  1886,  (32  pages  with  14  electro- 
tjpeo  of  mlnerala  taken  from  A.  B.  Foote'a  Oatalogae  of  Minerali.) 

t  Ifiknekoplsche  Phjtiognphie  der  Maaelgea  Qeeteioe  Ton  fi.  RoeeobuMh,  Stntt- 
gart»1887. 

X  Almoat  all  the  mlnerala  from  Magnet  Core  are  known  in  Earope  as  from  Hot  Springe. 

2  Annual  report  of  the  Geotogioal  Snrrejr  of  Arkansas  for  1888;  Joho  C  Branoer,  Stite 
Oeologlat,  Vol.  1.,  1888. 

2  Oeologteal;  Vol.  U.,  1880. 
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description  of  Magaet  Cove  aad  the  rocks  of  which  it  is  com- 
posed, but  the  subject  is  treated  only  in  a  most  general  way  and  no 
attempt  is  made  to  trace  out  the  igneous  rocks  nor  to  determine 
their  petrographio  characteristics. 

The  report  is  supplemented  by  a  valuable  list  of  minerals 
from  all  part«  of  the  state.  A  large  number  of  these  come  from 
Magnet  Cove  and  include  both  the  minerals  of  the  igneous  rocks 
as  well  as  the  metamorphic  minerals. 

Branner. — At  the  Cleveland  meeting  of  the  Am.  Association 
for  the  Advancement  of  Science  John  C.  Branner*  stated,  that 
although  on  the  geological  maps  of  the  United  States,  the  area 
about  Little  Rock,  Ark.,  and  another  small  region  in  the  south- 
western part  of  the  state  were  generally  represented  as  Archean, 
this  was  not  the  case,  but  that  the  crystalline  rocks  were  injected 
into  the  Paleozoic  strata,  the  exact  age  of  which  had  not  as  yet 
been  determined.  He  inclined  to  the  opinion  that  the  rocks 
through  which  igneous  rocks  protruded  should  be  referred  to  the 
Xiower  Carboniferous  series. 

At  the  same  meeting  a  paper  on  ^^  Peridotites  of  Pike 
<3ounty,  Arkansas,  by  John  C.  Branner  and  R.  N.  Brackett"  was 
read,  and  an  abstract  of  it  appears  on  the  same  page  as  the  pre- 
ceding note.  This  paper  was  aflberwards  published  in  the  Amer- 
ican Journal  of  Sciencef  and  is  incorporated  in  this  repqrt  as  chap- 
ter XIV.  in  essentially  the  same  form  in  which  it  there  appeared. 

Day.— In  1890  the  Mineral  Resources  of  the  U.  8.  for  1888 1 
was  published  and  under  the  head  of  granite^  a  description  is 
given  of  the  stone  quarried  by  the  Arkansas  Granite  Company 
of  Little  Rock.§  It  is  here  stated  that  this  rock  is  not  a  true 
granite,  but  a  syenite,  and  an  analysis  obtained  from  the  lab* 
oratory  of  the  Geological  Survey  of  Arkansas  is  published. 

Other  papers,  which  have  appeared  from  time  to  time,  are 
more  limited  in  their  scope  and  will  be  reviewed  under  the 
special  subjects  of  which  they  treat. 

«  The  ftgeof  Crjatalline  Bocks  of  Arkansas,  by  John  0.  firanner.  Proceeding!  A.  A.  A. 
S.,  Vol.  XXXVn.,  (Cleyeland,  Ohio,  1888),  Salem,  Mass.,  1889,  p.  188. 

t  The  Peridotite  of  Pike  County,  Arkansas,  By  J.  C.  Branner  and  R.  N.  Brackett.  Am. 
Jour.  ScL  Series  8,  Vol.  XXXVIIf,  1889,  pp.  50-69  with  map. 

X  Dept.  of  the  Interior,  U.  S.  Gheol.  Surrey.    Mineral  Resources  of  the  U.  S.  Calendar 
year  1888,    By  Darid  T.  Day,  Washington,  1890,  p.  637. 

*  This  company  is  now  absorbed  by  the  Little  Rook  Granite  Company. 
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CHAPTER  III. 

Distribution   of  the  Igneous  Rocks  in   the  Fourche 

Mountain  Region.* 

Fourche  Mountainf  is  a  mass  of  "granite "J  380  feet (117 
meters)  in  height  which  is  situated  on  the  south  side  of  the 
Fourche  Bayou^  about  three  miles  (4.7  km)  south  of  Little  Rock. 
To  the  west  of  this  and  separated  from  it  by  a  deep  depression 
known  as  Fourche  Cove,  lies  Allis  Mountain,§  which^  at  its 
highest  pointy  reaches  an  elevation  of  520  feet  (160  meters) 
Above  mean  tide  level  on  the  Gulf  of  Mexico.  The  northern 
portion  1 1  of  Fourche  Mountain  has  a  general  northeast  and 
southwest  direction,  running  parallel  to  the  Fourche  Bayou^  a 
■sluggish  stream^  which  skirts  its  northern  side  and  appears  to 
form  the  limit  of  the  granite  areas  in  that  direction.  This  part 
of  the  mountain  forms  a  flat  topped  ridge  (south  i  of  sec.  13) 
nearly  a  mile  (1.6  km)  in  length.  It  falls  off  steeply  on  both 
«idesy  and  at  the  northeast  end  descends  abruptly  to   the  flat 

bottom-land,  at  which  point  the  line  of  the  Little  Kock,  Missis- 

—  I- 

^  See  map  11.  and  pUt«  2  in  this  report. 

t  There  are  two  Fourche  Mountains  In  Arkansas ;  one  is  a  range  of  mountains  in 
Perry,  Yell,  Montgomery  and  Puik  couaiies  ;  the  other,  a  small  one,  is  the  one  referred  to  in 
this  report  and  is  situsted  in  Pulaski  cuuntj. 

X  The  word  '*  granite  "  is  here  employed  not  in  its  petrographlc  sense,  hat  as  it  is  con- 
tinaally  aaed  hy  the  inhabitants  of  this  region  to  denote  the  syenitic  rocks,  quarried  on  these 
moantalns.  Throughout  this  report  the  word  syenite  will  be  used  to  indicate  a  rock  consisting 
^f  orthoclate  (alkali  feldspar),  blolite  (black  mica),  amphiboU  (hornblende),  and  pyroxene 
(auglte),  in  varying  proportions,  and  it  may  therefore  be  deslgoated  as  a  quaruiest  granite. 
The  older  use  of  the  word  syenitBf  to  designate  a  hombtendic  granite,  has  been  abandoned  by 
mil  modern  petrographers,  but,  as  the  older  text  books  on  geology  asually  give  such  a  definition 
for  this  rock,  and  mention  Syene  in  Egypt  as  a  typical  locality,  It  may  be'Stated  that  the  rock 
from  Syene,  from  which  the  Cleopatra's  needle)  in  New  York,  London,  Rome,  etc.,  were 
•quarried,  Ls  not  a  syenite,  according  to  modern  petrographlc  nomenclature,  but  a  quarts 
porphyry. 

}  Also  called  Granite  Mountain. 

li  This  small  portion  of  the  Fourche  Mountain  region  is  called  Fourche  Mountain  in 
distinction  to  other  parts  of  the  ridge  which  also  have  special  nimes. 
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sippi  River  and  Texas  Railway  just  touches  the  east  end  of  the- 
granite.  The  prevailing  rock  of  the  Fourche  Mouutain  region, 
is  the  so-called  '*  blue  granite, "  *  which  has  already  been  quar- 
ried at  several  points,  as  for  example,  at  the  quarry  of  the  Little 
Rock  Granite  Company  on  the  south  side  of  the  mountain.  The 
illustration  (plate  3)  shows  the  present  appearance  of  a  portion 
of  this  quarry.  On  the  south  side  of  the  quarry  a  dike  of  fine- 
grained light  colored  syenite  rock  occurs.  It  has  forced  its  way 
through  the  blue  rock,  but  seems  to  have  caused  very  little- 
disturbance.  Segregation  veins  of  coarse  material  are  found 
irregularly  distributed  through  the  blue  granite  (pulaskite)  here- 
and  elsewhere  on  the  ridge. 

Along  the  top  of  Fourche  Mountain  proper  there  are  soat-^ 
tered  several  boulders  of  light  colored,  coarse  grained  rock 
(miarolitic  eleolite  syenite)  which  is  evidently  quite  different, 
from  the  mass  of  the  blue  rock,  which  makes  up  the  ridge,  and* 
whose  relation  to  the  latter  will  be  considered  later. 

About  the  center  of  the  top  of  the  ridge  just  described  is  a. 
slight  depression  (N«  W.  i  of  sec.  24)  through  which  the  turn« 
pike  crosses  to  the  south.     This  flat  and  slightly  lower  part  of 
the  hill  is  covered  with  yellow  sand,  mould  and  loose  blocks  of 
granite.    It  is  somewhat  marshy  and  forms  the  drainage  basin 
for  the  three  higher  portions  of  the  mountain  surrounding  it.. 
These  higher  points  consist  of  the  two  portions  of  the  ridge  ju^t 
mentioned,  and  a  third  ridge  to  the  south  of,  and  almost  parallel 
with,  the  main  one.     Between  this  and  the  main  ridge  lies  a 
narrow  valley  which  is  covered  with  sand  and  alluvium.     Near- 
its  lower  or  eastern  end,  appear  two  or  three  small  areas  of  brown 
granite  (eleolite  syenite  dike  rock)  (chap.  lY.  ii.  C.  I).  The  ridge 
just  mentioned  is  from  400  to  600  feet  (122  to  183  meters)  wide,, 
and  extends  a  little  further  to  the  east  than  the  first  one.    It  is. 
bounded  on  both  sides  by  sand,  which  on  the  south  in  some 
places  reaches,  almost  if  not  quite,  to  its  crost.     The  extreme 
eastern  end  of  this  ridge  is  cut  through  by  the  railway  and  the 

*  Thli  1b  that  xoek,  ▼blch  is  described  later  under  the  name  of  polaikJte.  Bjr  palasklte* 
is  nnderttood  a  roek  made  ap  of  orthoolaae,  pyroxene  (Tar.  dlopeide  and  ngldte),  amphiboloi 
(▼ar.  arfTedioolte)  and  a  little  eleoUte,  or  Its  deoompoeltlon  prodaet,  analdte. 
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-cut  exposes  a  deposit  of  Pleistocene  gravel  overlying  the  blue 
granite  (pnlaskite).  The  latter  shows  evidence  of  having,  at  some 
time  previous  to  the  deposition  of  the  overlying  sedimentary 
material,  formed  a  beach  covered  with  boulders  which  were 
more  or  less  rounded  by  the  action  of  the  waves.  By  the  depo* 
•sition  of  the  Pleistocene  material  the  spaces  between  the 
boulders  and  the  hollows  in  the  solid  rock  were  filled  with  gravel, 
•tind  this  in  time  became  solidified  by  the  infiltration  of  ferru- 
ginous matter.'  The  boulders  themselves  have  continued  to 
decay  so  that  they  are  now  surrounded  by  shells  of  soft  de- 
•composed  material. 

Although  the  rock  at  this  point  has  been  spoken  of  above, 

as  blue  granite  (pulaskite),  it  approaches  very  closely  to  the  gray 

variety,  in  its  texture  and  mineral  composition.      It  seems  to 

hold  an  intermediate  position   between  the  two  varieties,  and 

might  well  be  designated  as  a  transition  rock.     The  rock  is  not 

uniform  in  texture,  for  in  some  parts  ft  is  much  more  like  the 

blue  granite  (pulaskite),  while  other  portions  of  it,  only  au  inch 

^r  so  away,  may  have  an  almost  perfect  gray  granite  (eleolite 

syenite)   structure.     It  is  from  the  decomposition  of  such  rock 

that  the  material  for  some  of  the  analyses  of  decomposed  granite 

•(syenite)  and  kaolin  was  obtained.    (See  chapter  lY). 

East  of  the  railway  lies  a  low  marshy  tract  of  land,  beyond 
which  rises  a  low  hill  [820  feet  (98  meters)],  (8.E.  i  of  sec.  18),  the 
north  side  of  which,  almost  down  to  the  Fourche  Bayou,  is 
-covered  with  blue  granite  (pulaskite).  At  the  lowest  point  in  a 
43mall  ravine  cutting  into  the  north  side  of  this  hill,  a  small  flat  patch 
of  brown  granite  (eleolite  syenite  dike  rookj  appears.  On  the 
«outh  side  of  this  hill  there  is  a  second  outcrop  of  blue  granite 
•(pulaskite)  which-  extends  nearly  to  its  foot  and  to  the  Fourche 
Bayou  as  it  curves  around  toward  the  southwest. 

The  main  granite  (syenite)  ridge,  from  the  west  end  of  the 
ridge  already  described,  extends  almost  due  south  for  a  distance 
of  two  miles  (8.3  km),  branching  out  here  and  there  into  small 
«purs  to  the  east  or  west,  but  for  the  most  part  showing  a  smooth 
«ide  hill  lying  north  and  south.  The  small  spurs  form  valleys  or 
liollows,  which  are  covered  with  sedimentary  rocks. 
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The  first  of  these  hollows  (8.  ^  of  sec.  24)  on  the  east 
side  of  the  hill  is  formed  by  the  second  ridge,  mentioned  above  ^ 
and  a  mass  of  blue  granite  (pulaskite),  which  forms  a  small  hill 
about  half  a  mile  further  south.  This  hill  extends  about  half  a 
mile  to  the  east  of  the  main  ridge  and  is  entirely  made  up  of 
blue  granite  (pulaskite).  The  northern  part  of  the  valley- 
is  covered  by  shales  of  Paleozoic  age,  and  where  these  occur- 
in  contact  with  the  igneous  rock,  they  have  been  very  much 
metamorphosed.*  They  present  the  appearance  of  close- 
grained,  compact  igneous  rocks,  containing  spots,  in  which  the* 
texture  is  almost  granitic.  These  contact  specimens  and  also- 
the  eruptive  rocks  in  immediate  connection  with  them,  are  often 
highly  impregnated  with  pyrite  and  are  moreover  peculiar  from 
the  fact  that  after  being  broken,  they  weather  very  rapidly  and 
become  coated  with  a  dark  blue  or  black  stain  in  a  few  days, 
time.  On  going  farther  away  from  the  line  of  contact,  the  shaly 
character  of  the  rock  appears  more  and  more  distinctly  until  at 
some  distance,  ten  to  thirty  feet  (3  to  9  meters),  no  appreciable 
metamorphism  has  taken  place.  These  shales  are  visible  for 
but  a  short  distance  from  the  igneous  rock  and  are  then  covered 
up  by  Tertiary  deposits,  Interbedded  with  the  Tertiary  rocks,  i 
are  deposits  of  bauxite  16  feet  (4.6  m),  or  more,  in  thickness,, 
and  covering  a  considerable  area.  These  have  been  briefly 
mentioned  by  the  State  Geologist,  in  a  paper  entitled  "  Bauxite- 
in  Arkansas,''!  and  are  more  fully  described  in  Vol.  I.  of  the- 
Annual  Report  of  this  Survey  for  1889.  On  the  south  side  of 
this  valley  conglomerates  of  quite  recent  origin  occur.  They 
contain  much  iron  and  are  of  a  rich  brown  color.  The  State 
Geologist  considers  them  to  have  been  formed  during  late  Ter* 
tiary  times.  They  cover  up  the  shales,  where  they  come  in  con- 
tact with  them,  and  form  a  belt  obscuring  the  contact  of  the 
igneous  rocks  with  the  latter.  There  is  no  evidence  of  any 
metamorphic  action   on   these  recent  deposits,   which   ean   be 

*  The  thanks  of  the  Survey  are  due  to  ez-Gov.  0.  C.  Blias  and  to  Mr.  George  0,  Pye  for 
the  interest  that  they  have  taken  in  looking  up  the  line  of  this  contact,  and  in  removing  th%- 
overlying  soil,  so  as  to  expose  the  igneous  and  sedimentary  rocki  in  direct  contact, 

t  Am.  Geologist,  Vol.  YIL,  1891,  p.  181. 
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attributed  to  the  igneous  rocks,  and  hence  it  is  quite  certain  that 
they  are  younger  than  the  latter. 

Northeast  of  the  end  of  the  granite  (syenite)  spur  form- 
ing  the  above  mentioned  valley,  and  situated  near  the  point 
where  the  mountain  road  from  the  west  intersects  the  turnpike,  a 
small  body  of  syenitic  tufa  is  found,  which  consists  of  a  re- 
arrangement of  detrital  syenitic  material  solidified  by  a  siliceous 
cement.  This  material  has  come  from  the  disintegration  of  the 
igneous  rocks  and  is  not  an  original  volcanic  ash.  It  is  limited 
in  extent  and  is  of  comparatively  recent  origin. 

On  the  south  and  east  sides  (8.  i  of  sec,  26)  of  the  granite 
spur  forming  the  above  mentioned  valley  are  banks  of  bauxite, 
similar  in  every  way  to  those  described  above.  This  bauxite,  like 
that  of  the  other  area  mentioned,  is  surrounded  by  sandy  soil 
and  gravel  and  shows  no  direct  connection  with  the  neighbor- 
ing rocks. 

Starting  from  the  point  where  the  description  of  the  main 
ridge  was  interrupted  (N.  E.  i  of  sec.  26),  the  ridge  extends  about 
two  and  a  half  miles  (4  km)  further  in  a  southwesterly  direction,, 
and  sends  out  two  spurs  to  the  southeast.  A  short  distance 
beyond  where  the  ridge  turns  a  slight  depression  occurs,  over 
which  the  highway  runs,  and  to  the  south  of  this  the  hill  rises  to 
the  height  of  510  feet  (153  m) — its  greatest  elevation  on  the 
east  side  of  the  cove — and  is  known  as  Ermentraudt  Mountain 
(occupies  sec.  34).  Taking  this  point  as  a  center,  the  hill 
covers  an  almost  equilateral  triangle,  two  of  whose  angles  lie 
in  the  main  ridge,  and  the  third  forms  the  spur  to  the  southeast 
already  mentioned.  It  is  between  this  sovitheastern  spur  and 
that  portion  of  the  ridge  lying  to  the  northeast,  that  the  most 
interesting  rocks  of  the  region  occur.  In  the  flat  land,  southeast 
of  the  point  where  the  ridge  turns,  both  bauxite  and  sandstonea 
or  conglomerates  of  Tertiary  age  are  found.  The  bauxite  is- 
interbedded  with  the  other  rocks  in  such  a  way  as  to  indicate 
that  they  are  all  of  the  same  geologic  age.  Just  east  of 
these  is  a  small  mass  of  blue  granite  (pulaskite),  which  is 
bounded  on  all  sides,  except  where  it  underlies  the  sandstone, 
by  loose,  yellow,  sandy  soil  and  loam,  formed  by  the  decay  of 
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the  organic  matter  in  the  marshy  bottom-land  on  the  soathwest* 
About  a  quarter  of  a  mile  (0.4  km)  south  of  this  area,  is  a  small 
patch  of  shale,  which  appears  in  the  highway  and  indicates  that 
the  Paleozoic  rocks  extend  in  that  direction,  although  they  are, 
for  the  most  part,  concealed  by  the  overlying  sand.  A  mile 
<1.61  km)  to  the  east  of  this  (N.  E.  i  of  sec.  36  and  N.  W.  i  of 
sec,  31),  several  small  patches  of  blue  granite  (pulaskite),  and 
•one  quite  large  mass  of  it,  occur.  The  latter  is  a  hard,  bluish 
rock,  which,  on  the  north  side  of  the  hill,  appears  decidedly 
porphyritic  in  texture.  The  location  and  extent  of  these  areas 
«re  shown  on  map  II.,  and  as  they  are  bounded  on  all  sides  by 
loose,  sandy  soil  they  need  no  further  description. 

West  of  the  small  patch  of  Paleozoic  rock  described  above, 
and  lying  in  the  bed  of  a  narrow  stream,  a  small  area  of  gray 
granite  (eleolite  syenite)*  appears.  (S.  W,  i  of  N.  W.  i  of  sec. 
36). 

This  follows  the  west  bank  of  the  stream  for  about  a  thous- 
and feet  (300  m)  and  then  disappears.  It  is  covered  except 
on  the  extreme  eastern  edge,  by  loose  sandy  soil.  West  of  this 
again  about  a  thousand  feet  distant,  appears  a  mass  of  coarse 
grained  syenite  (miarolitic  eleolite  syenite  dike  rock)  which  forms 
a  large  dike  about  two  hundred  feet  (SI  m)  wide  in  its  broadest 
part,  and  1600  feet  (456  m)  long.  It  appears  as  huge  boulders, 
and  large  weathered  masses,  which  present  a  most  peculiar 
rounded  surface,  (see  plate  4).  On  the  east  of  the  dike  and 
in  its  immediate  vicinity,  nothing  but  sandy  soil  is  found,  and 
at  the  point  where  the  Paleozoic  rock  should  appear,  if  it 
were  present,  the  soil  is  so  thick  that  no  rock  whatever  is  found. 
West  of  the  dike  the  Paleozoic  shales  are  exposed  along  a  belt 
about  a  thousand  feet  wide,  extending  northward  almost  to  the 
foot  of  the  mountain,  but  from  which  they  are  separated  by  a 
band  of  sandy  soil.  '  A  second  dike  of  syenitic  rock  passes 
through  the  western  portion  of  this  shale  area.  It  is  similar  in 
some  respects  to  the  dike  just  described  and  parallel  to  which 

^Bj  eleolite  tyeniu  is  understood  a  rock  consisting  of  eleolite  and  orthoclasd  (alkali 
feldspar),  with  pyroxene  (auglte),  biolite  (mica)  and  a  little  ampblbole  (hornblende).  In  this 
rock  the  eleolite  has  become  an  essential  constitaent  instead  of  remaining  subordinate,  as  it 
did  in  the  c^se  of  the  pulaskite. 
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it  lies,  bat  differs  from  it  in  structare  and  appearance.  It  is 
^coarse  grained  and  semi-granitic  or  trachytic  in  strncturei  has 
a  brownish  color,  and  is  generally  known  as  ^^brown  granite/' 
It  has  been  quarried  to  some  extent,  but  the  stone  has  only  been 
obtained  from  boulders  and  not  from  the  rock  in  place.  This 
-dike  extends  in  a  northeasterly  and  southwesterly  direction,  and 
at  its  lower  end,  it  makes  a  slight  bend  toward  the  south.  In 
some  places  the  boulders  are  large  and  close  together,  and 
indicate  a  dike  from  fifty  to  one  hundred  feet  (15  to  30  m)  in 
width,  while  in  other  places  they  are  strung  along  singly,  and 
are  far  apart,  so  far  in  fact,  that  toward  the  southern  end,  it  is  not 
an  easy  matter  to  trace  it  at  all.  (Plate  5).  In  representing  the 
dike  on  the  map  this  variation  in  width  has  not  been  taken  into 
'<^onsideration,  and  the  dike  appears  as  of  almost  uniform  width. 
After  it  leaves  the  shale  which  forms  the  side  walls  at  its 
northeastern  end,  it  crosses  a  low,  marshy  piece  of  ground,  where 
its  course  is  indicated  only  by  a  few  scattering  blocks,  and  then 
orosses  the  top  of  a  small  hill,  which  appears  to  consist  almost 
entirely  of  a  black,  porphyritic  rock  (tingudite)  containing  large 
white  feldspars,  and  of  a  metamorphosed  shale. 

It  is  almost  impossible  to  determine  the  exact  limits  of  this 
phorphyritic  rock,  because,  on  the  one  hand,  it  is  covered  up  to 
a  great  extent  by  soil  derived  from  its  decomposition,  which  has 
j;one  so  far  that  little  or  no  rock  is  found  in  situ,  and  on  the 
other  hand,  it  shades  so  almost  imperceptibly  into  the  metamor- 
phosed shales  which  surround  it,  that  it  is  impossible  to  tell 
where  one  begins  and  the  other  leaves  off. 

About  a  thousand  feet  (800  m)  still  further  to  the  north- 
west is  a  third  dike  of  rock,  similar  to  that  of  the  last  dike  de- 
scribed. At  both  ends  it  nearly  touches  the  main  ridge,  and 
at  its  central  point  is  not  more  than  three  or  four  hundred  feet 
(ca.  100  m)  from  its  base.  All  of  these  belts  of  boulders  have 
approximately  parallel  directions,  as  may  be  seen  by  referring  to 
the  map,  upon  which  their  relative  positions  are  indicated.  The 
•space  between  the  innermost  dike  and  the  hill  is  covered  with  a 
thick  soil,  through  which  are  scattered  numerous  boulders  of 
hlue  granite  (pulaskite). 
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Beyond  this  point  the  main  ridge  of  bine  granite  (pulas-^ 
kite)  runs  southward  to  the  point  of  the  hill  which  forms  the- 
third  angle  of  the  triangle,  and  is  bounded  by  loose  sand  and^ 
bottom-lands.  To  the  south  of  this  ridge,  the  decomposed 
granitic  rock  and  soil  extend  a  quarter  of  a  mile  or  more  beyond 
the  foot  of  the  hill  and  form  very  fertile  and  productive  land. 
The  rock  from  which  the  bottom-land  is  formed  appears  to  be  of 
the  gray  variety,  but  it  is  so  much  decomposed  that  an  accurate 
determination  is  impossible. 

In  the  highway  directly  east  of  the  house  of  Mr.  Ermentrandt>. 
a  mass  of  yellowish-brown  rock  occurs,  which  shows  a  decided 
banding.    It  has  the  general  appearance  of  a  decomposed  gneiss, 
but  it  has  been  shown  by  a  microscopic  examination  to  consist 
of  a  mass  of  syenitic  fragments,  (orthoclase,  basic  silicates,  etc.,)« 
which  have  been  cemented  together  by  siliceous  material,  thus 
forming  a  sort  of  tufa.     This  resembles  quite  closely  that  already- 
described  (page  23). 

The  southernmost  spur  of  the  Fourche  Mountains  is  named 
South  Mountain  (occupies  sec.  4)  and  consists  of  a  mass  of  blue 
granite  (pulaskite)  which  runs  out  in  a  narrow  ridge  towards 
the  south.  On  the  east  and  south  the  rock  is  covered  by  sand 
and  soil,  but  extends  for  some  distance  underneath  it  into  the 
lowlands.  At  one  point  where  the  granite  (syenite)  appears 
about  500  feet  (152  m)  from  the  foot  of  the  hill,  it  consists  of  a 
fiat  mass  of  gray  granite  (eleolite  syenite). 

North  of  South  Mountain  a  transverse  depression  separates 
it  from  the  ridge  known  as  AUis  Mountain,  (sees.  22,  27,  28 - 
and  88).*  This  latter  extends  for  about  3  miles  (4.83  km)  in  a 
north-by-east  direction  and  near  its  northern  end  it  turns  to  the 
northeast  and  extends  for  more  than  a  mile  in  that  direction^ 
falling  almost  exactly  into  line  with  Fourche  Mountain  proper, 
from  which  it  is  separated  by  the  branch  of  the  Fourche- 
Bayou  which  forms  the  outlet  of  the  Cove. 

AUis  Mountain,  at  its  greatest  elevation,  reaches  a  height  of 
620  feet  (159  m)  above  the  sea  level.  As  is  the  case  with  most 
of  the  granite  (syenite)  ridges,  it  is  comparatively  smooth,  and. 

*  TbiB  U  also  called  Granite  Mountalo. 
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is  covered  with  a  thick  growth  consisting  mostly  of  deciduona 
trees,  except  where  the  sides  are  so  steep  that  they  cannot  obtain 
a  hold.  The  side  hill  is  covered  with  loose  blocks  of  blue 
granite  (pulaskite),  among  which  may  be  found  many  ledges  of' 
the  solid  rock.  The  weathering  of  this  rock  into  blocks,  is  ver^ 
characteristic  and  plate  6  shows  the  way  in  which  a  side-hill 
may  be  covered  with  them.  About  the  bottom  of  the  hill,  and- 
nowhere  rising  more  than  forty  or  fifty  feet  (12-15  m)  from  the 
flat  land  appears  the  gray  granite  (eleolite  syenite)  in  huge  flat, 
areas,  often  two  hundred  feet  (61  m)  and  more  in  diameter,  and 
showing  hardly  a  crack  or  seam  in  the  whole  surface.  These^ 
flat  masses  appear  to  occupy  most  of  the  area  between  the  foot 
of  the  mountain  and  the  Little  Fourche,  although  they  are  not 
everywhere  visible,  because  they  are  often  covered  over  with  sand 
and  river  mud.  These  rocks  weather  in  place  and  form  a  granitic* 
soil  without  breaking  up  into  boulders  as  the  blue  granite 
(pulaskite)  does,     (See  plate  7,  page  29). 

West  of  the  south  end  of  the  mountain  on  the  opposite  side^ 
of  the  Little  Fourche  appear  banks  of  bauxite  like  those  de- 
scribed on  the  east  side  of  the  mountain. 

At  a  point  a  little  south  of  the  center  of  the  ridge  and  on 
the  west  side  of  the  mountain  the  blue  granite  (pulaskite)  ap-^ 
pears  near  the  bank  of  the  Little  Fourche  and  is  exposed  for 
several  hundred  feet.  It  is  broken  up  into  the  characteristic- 
blocks  and  shows  a  decided  bluish  color. 

At  only  three  points  has  granitic  (syenitic)  rock  been  found 
on  the  west  side  of  the  Little  Fourche.  In  the  southernmost  of 
these  exposures  (west  of  center  of  sec.  28)  the  rock  forms  thi& 
usual  flat  masses,  while  in  the  central  one  it  appears  as  if  it  formed 
a  dike,  or  boss,  which  has  weathered  into  boulders,  in  much 
the  same  way  that  the  dikes  at  the  southeast  of  the  mountain* 
have  done.  It  is  a  very  coarse  grained  rock,  in  which  some^ 
of  the  feldspar  crystals  are  as  much  as  eight  inches  in  length. 
Small  fine  grained  veins  containing  quartz  occur  in  it  in  some^ 
places,  though  the  most  of  the  rock  seems  to  be  comparatively 
qaartzless. 

The  third  exposure  of  igneous- rock  on  the  west  bank  of  the^ 
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Little  Foarche  lies  aboatfive  hundred  feet  (152  m)  north  of  the 
preceding  one  and  conaista  of  a  small  group  of  huge  boulders, 
twenty  feet  (6  m)  or  more  in  diameter,  and  surrounded  on  all 
sides  by  the  alluvium  of  the  river  bottom.  These  boulders  con- 
sist of  a  coarse  grained  combination  of  feldspar,  quartz  and  some 
altered  basic  silicate  and  form,  therefore,  a  quartz  syenite  dike« 
Paleozoic  rock  has  been  found  in  a  forty  foot  (12.2  m)  well  near 
the  first  of  the  dikes  mentioned  above  and  lies  between  the  dike 
and  the  main  mass  of  the  mountain. 

The  Paleozoic  shales-  appear  again  on  the  north  side  of  the 
Fourche  Bayou  and  form  a  bluff  not  more  than  a  mile  (1.61  km) 
northwest  of  the  foot  of  AUis  Mountain.  They  everywhere  dip 
steeply  to  the  north. 

Fourche  Cove  is  an  elliptically  shaped  valley,  whose  greater 
axis  has  a  north-northeasterly  direction  and  is  about  two  and  a 
half  miles  (4  km)  in  length,  while  the  width  of  the  basin 
does  not  exceed  a  mile  and  a  half  (2.4  km).  It  is  enclosed  by 
■Fourche,  Ermentraudt  and  AUis  Mountains,  and  its  only  outlet 
is  at  the  northern  end  through  the  cut  occupied  by  the  branch 
of  the  Fourche  Bayou  already  mentioned.  The  cove  is  drained 
by  a  small  brook,  which  has  a  genek*ally  northerly  direction,  and 
by  small  branches,  which  empty  into  it  from  both  sides.  The 
total  fall  from  the  southern  end  of  the  cove  to  the  Fourche 
Bayou,  at  the  northern  extremity,  is  about  one  hundred  feet 
«(30  m),  and  as  two-thirds  of  this  fall  occurs  in  the  first  third  of 
the  stream's  course,  the  remainder  of  the  way  its  flow  is  very 
sluggish.  The  bottom  through  which  the  stream  runs  is  covered 
in  a  great  measure  with  thick  underbrush,  which  has  sprung 
'up  on  the  rich  alluvial  deposits  formed  by  the  stream's  overflows 
and  by  the  decomposition  of  masses  of  vegetable  matter.  As 
would  naturally  be  expected,  this  bottom-land  gives  no  clue  to 
the  character  of  the  rock  beneath,  and  it  can  only  be  surmised 
from  the  surrounding  rocks,  that  the  Paleozoic  shales  form  the 
floor  of  the  valley  below  the  overlying  Tertiary  and  recent 
deposits. 

.  On  the  east  side  of  the  cove,  just  below  the  blue  granite 
^(pulaskite),   there    are    some   areas  of  gray    granite   (eleolite 
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syenite)    which  appear  as    large  flat  masses  and   are  almost 
devoid  of  vegetation.      The  blue    granite    (pulaskite)    which 
is  found  again  around  these  appears  to  be  only  ip  the  form  of 
loose  boulders.     On  the  west  side  of  Fourche  Mountain  proper 
a  wide  dike  of  '^  dike  granite  ^'  (quartz  syenite)   occupies  the . 
bottom  of  a  narrow  valley  leading  down  toward  the  west.     This 
dike  is,  in  some  places,  as  much  as  600  feet  (162  m)  wide,  and 
forms  a  straight  line  from  the  flat  crest  of  the  hill  (see  page  20)^ 
to  the  cove  branch.    In  many  respects  it  is  quite*  similar  to  the 
other  dikes  observed  about  the  mountaiui  and  is  probably  directly^ 
genetically  connected   with  the  one  mentioned  as  lying  along 
the  top  of  Fourche  Mountain.    A  little  further  south  on  the 
same  side  of  the  cove  is  a  bed  of  bauxite,  and  just  above  it  is  a 
deposit  of  Tertiary  conglomerate  or  sandstone.    These  rocks  are 
surrounded  on  all  sides  by  sand  and  loose  blocks  of  blue  granite 
(pulaskite).    South  of  this  point,  two  low  elevations    appear 
in  the  center  of  the  cove,  and   on  both   of  them   blue  granite 
(pulaskite)    occurs.      In    some  places    this    rock    forms  com- 
paratively flat  masses  like  the  gray  rock,  but  it  still  appears  to. 
be  distinctly  of  the  blue  variety.    This  mass  of  igneous  rock  was 
outlined,  as  is  shown  on  map  II.,  with  as  much  care  as  possible^^ 
although  the  thick   undergrowth   made   it    almost   impossible 
to  obtain  its  exact  boundaries.    A   little  east  of  this  mass  of' 
blue  granite  (pulaskite),  on  top  of  the  westernmost  of  the  small 
hills   mentioned  above,  a   cap  of  brown   Tertiary    sandstone 
occurs  which  is  completely  isolated  by  sand  from  all  other  rock 
masses. 

At  the  foot  of  the  main  ridgCj  on  the  east  side  of  the  cove^ 
(&  W.  of  8.  W.  of  sec.  26)  large  flat  masses  of  the  gray  rock 
occur  skirting  the  base  of  the  hill  (see  plate  7).  Near  the 
highway,  at  the  point  where  it  crosses  this  gray  rock,  stone  has 
been  quarried,  so  that  the  weathered  surface  has  been  taken  off 
to  a  depth  of  three  feet  or  more.  The  rock  here  shows  a 
peculiar  differentiation  into  coarser  and  finer  bands,  which  will. 
be  described  more  in  detail  later.  It  is  from  this  quarry  that  the 
qiecimen  of  the  gray  granite  (eleolite  syenite)  analyzed 
was  taken  (see  chapter  IV.  ii.  B.b.),  but  the  block  for  the  com-w 
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pression,  and  other  physical  tests  came  from  the  west  side  of 
Allis  Mountain,  where  rock  of  this  nature  has  lately  been 
quarried  by  Mr.  John  S.  Braddock.  (Chapter  lY.  ii.  B.  a.) 
On  the  southeast  side  of  the  cove  the  yellow  sandy  soil 
which  has  formed  the  boundary  of  the  igneous  rock  along  its 
western  edge  ceases  and  the  Paleozoic  shale  appears.  In  many 
places  this  is  very  much  metamorphosed  and  appears  like  a  horn- 
stone,  but  a  little  farther  away  from  the  contact  the  shaly 
structure  is  visible. 

Near  the  south  end  of  the  Cove  loose  blocks  of  a  very  heavyi 
black  rock  appear,  which  are  evidently  some  form  of  very  basic 
Tock.      This    has  been  shown  to  be   olivine-free   monchiquite 
or   feldspar-free  camptonite,  and  as    it   forms  a   new  type  it 
is  called  fourchite.  (See  chapter  IV.  ni.)     At  the  southwestern 
end  of  the  Cove  these  rocks  form  almost  the  whole  eastern  slope 
^f  Allis  Mountain  and  are  bounded  on  the  lower  or  eastern  side 
by  the  more  or  less  metamorphosed  Paleozoic  shales,  and  on  the 
upper  edge  by  the  syenitic  rock  of  the  mountain.      At  several 
places  this  "trap/'  as  the  fourchite   is  called  in  the  neighbor- 
hood, is  cut  by  dikes  of  coarse  grained  syenitic  rock.     The  latter 
are  of  a  light  color  and  resemble  to  some  extent  the   quartz 
syenite  dikes  at  other  points  about  the  mountain.      In   some 
places  these  coarse  grained  intrusions  form  larger  masses,  as  for 
-example,  at  a  point  not  far  south  of  the  mountain  road  which 
crosses  from  east  to  west  over  Allis  Mountain   (center  of  E.  i 
of  sec.  32).     Boulders  of  this  material  are  scattered  here  and 
there  over  the  depression  which  forms  the  top  of  the  mountain 
north  of  the  above  mentioned  granitic  masses,  but  the  weathering 
action  has  gone  so  far,  and  the  blocks  are  so  few  in  number  that 
the  courses  of  the  dikes  cannot  be  traced. 

The  trap  (fourchite)  shows  considerable  variation  in 
diflferent  parts,  both  in  its  texture  and  in  its  mineralogic  con- 
stituents, so  that  petrographically  considered  it  should  be  classed 
•under  several  heads. 

This  mass  of  trap  (fourchite)  is  a  mile  (1.6  km)  or  more  in 
length,  and  lies  in  a  north-northeast  and  south-southwest  direc- 
tion, while  in  width  it  is  not  more  than  one-  quarter  of  a  mile 
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^0.4  km).  It  is  interrapted  at  a  point  about  a  quarter  of  its 
length  away  from  the  south  end,  by  a  valley  running  to  the 
west  and  Iforming  a  depression  in  the  syenitic  ridge  (S.  ^  of 
-sec.  32).  The  valley  is  covered  at  its  eastern  end  by  boggy  soil 
through  which  no  rocks  appear,  but  on  its  'northern  side  the 
Paleozoic  rocks  form  a  narrow  band  between  the  recent  deposits 
and  the  trap  (fourchite).  Near  the  line  on  the  west  where  the 
blue  granite  (pulaskite)  crosses  this  valley,  loose  boulders  of  trap 
^fourchite)  appear,  which  suggest  the  connection  of  the  larger 
mass  on  the  north,  with  the  smaller  mass  on  the  south  side  of 
the  valley.  At  the  northern  end  of  the  whole  trap  (fourchite) 
^rea  the  Paleozoic  shales  again  appear,  and  form  the  boundary 
^f  it. 

On  the  west  side  of  the  Cove,  in  a  small  valley  formed  by  a 
^pur  of  the  Paleozoic  rocks  and  the  main  ridge  of  the  mountain, 
there  is  much  Tertiary  rock  which  is  the  remains  of  the  layer 
-of  Tertiary  material  which  was  at  one  time  deposited  over  the 
whole  Cove  and  was  subsequently  carried  away  by  erosion. 
North  of  this  the  Paleozoic  rock  forms  the  side  hill  to  a  height 
of  about  a  hundred  feet  [390  feet  (119  m)  above  mean  tide 
level]  above  the  level  of  the  bottom  of  the  Cove.  This  rock 
-extends  about  the  base  of  the  mountain  to  the  point  where  the 
"^ast  and  west  ridges  are  separated  by  the  outlet  of  the  Cove. 

About  half  a  mile  (0,8  km)  south  of  the  area  covered  by  the 
Fourche  Mountain  group  is  another  mass  of  syenitic  rock  which 
is,  however,  comparatively  limited  in  its  extent.  The  rock  is  of 
the  blue  variety,  and  in  the  largest  mass  forms  a  hill  75  feet 
(28  m)  in  height  [340  feet  (104  m)  above  mean  tide  level].  It 
does  not  cover  more  than  one-quarter  of  a  square  mile  (65 
hectares)  in  all.  The  igneous  rock  is  surrounded  on  all  sides  by 
«and,  loam,  or  Tertiary  deposits,  and^in  some  places  fragments  of 
Tertiary*  sandstone  are  scattered  over  the  granite  (syenite),  but  it 
is  probable  that  they  are  not  in  their  original  positions.  De- 
posits of  kaolin  and  bauxite  are  common  in  this  region,  but  as 
the  distribution  of  these  substances  is  more  fully  described  by 
the  State  Geologist  in  Vol.  L  of  the  report  for  1889,  further 
«nention  of  their  occurrence  is  omitted. 


32  ANNUAL  REPORT  STATE  GEOLOGIST. 

The  granite  (syenite)  of  the  region  soath  of  Fourche  Moan- 
tain  presents  no  special  features  and  is  very  similar  to  that 
already  mentioned  from  Fourche  Mountain  itself.  In  its  color, 
it  is  not  quite  as  dark  as  mnch  of  the  blue  granite  (pnlaskiteV 
which  has  been  quarried,  but  this  may  be  due  to  the  fact  that  only 
surface  rock  from  this  neighborhood  has  been  seen,  while  the 
blue  granite  (pulaskite)  of  other  regions  has  been  worked  to  a 
considerable  depth  and  obtained  in  fresh  specimens.  At  one- 
place,  where  material  for  chimneys  has  been  quarried  from 
large  boulders,  the  rock  appears  to  be  hard,  strong  and  of  good 
quality. 

Taken  as  a  whole,  the  Fourche  Mountain  region  contains- 
about  five  square  miles  (1295  hectares)  of  surface  covered  with 
blue  granite  (pulaskite),  and  perhaps  one  square  mile  (268 
hectares)  covered  with  the  gray  granite  (eleolite  syenite),  which 
is  either  directly  exposed  or  is  covered  only  by  a  thin  layer 
of  soil.  These  figures  do  not  express  the  size  of  the  whole  area  in 
which  the  granite  (syenite)  may  be  found,  but  only  that  in  which 
it  is  now  exposed. 

The  preceeding  description  of  the  topographic  features  and 
the  distribution  of  the  igneous  rock  have  been  given  as  a  matter 
of  course,  but  all  the  facts  presented  there  can  be  obtained  mucb 
more  easily  by  an  inspection  of  plate  2  (p.  19),  which  is  a  repro- 
duction of  a  photograph  of  a  model  *  of  this  region,  and  by  a  study 
of  the  instrumental  contour  map  (map  II.)  upon  which  the  geology 
is  completely  represented  by  various  colors. 

*  The  thanks  of  the  Sarrey  are  due  to  the  BiiaseB  Lockwood,  of  Brookljii,  K.  Y.,  hj- 
whom  the  relief  maps  of  both  this  and  the  Magnet  Core  region  (see  chapter  VL)  hare  been 
f  ally  prepared. 
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S  Ocologieft);  Vol.  it,  1890. 
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I.      SPECIAL   PETHOORAPHIC  LITERATURE. 

Before  entering  into  the  detailed  description  of  the  rocks  of 
the  Fourohe  Mountain  region,  it  will  be  well  to  review  more 
minutely  than  was  possible  in  the  chapter  on  general  literature, 
the  articles  which  have  already  been  published  on  this  subject. 

Bringier. — It  appears  from  what  is  stated  on  page  10  that  the 
first  mention  of  this  region  was  probably  made  by  L.  Bringier^ 
but  if  that  is  the  case,  he  described  the  rock  as  a  '^  granite  or 
primitive  rock/'  and  of  course  gave  no  further  notes  of  it  which 
are  of  petropraphic  interest  at  the  present  day. 

Powell. — ^The  collection  which  W.  B.  Powell  presented  to 
the  Antiquarian  and  Natural  History  Society  of  Arkansas,  in 
Little  Bock,t  cannot  now  be  found.  Some  specimens  collected 
by  Powell  are,  however,  in  the  National  Museum  at  Washington, 
D.  C,  and  through  the  kindness  and  courtesy  of  Dr.  George 
P.  Merrill,  the  Curator  of  the  National  Museum,  these  were  lent 
to  the  Arkansas  Survey  and  the  writer  has  thus  been  enabled  to 
study  them  in  detail,  and  to  see  exactly  what  Powell  saw  and 
described.  Unfortunately  the  original  labels  have  been  destroyed, 
fio  that  it  was  impossible  to  identify  all  of  Powell's  varieties. 

Powell  calls  the  principal  rock  of  the  ridges  (pulaskite)  a 
greenstone,  and  supposes  that  the  granite  (eleolite  syenite) 
underlies  it.  In  speaking  of  the  western  mountain  he  says, 
^^  at  one  point  the  greenstone  and  gneiss,  except  a  very  small 
portion  of  the  latter,  (and  the  quantity  at  first  appears  to  be 
unusually  limited),  have  been  so  far  denuded  as  to  expose  the 
granite  almost  to  the  top  of  the  mountain  for  half  a  mile  in 
length.  Large  areas  of  it  are  exposed  without  a  shrub  or  tree." 
By  the  term  greenstone  Powell  evidently  intends  to  express 
the  somewhat  porphyritic  character  of  the  blue  granite  (pulaskite); 
^nd  the  gneiss,  which  he  mentions,  must  be  considered  as  a 
somewhat  laminated  form  of  the  eleolite  syenite. 

In  describing  the  rock  which  he  calls  granite,  Powell  writes, 
**  The  most  of  this  granite  is  of  the  feldspathic  variety.  In  some 
places  blocks  of  feldspar,  of  a  beautifully  foliated  structure  and 

*  Am.  Joar.  Scl.,  Series  1,  Vol.  III.,  1821,  pp.  16-47. 

t  Ooologlcal  Beport  upon  Foorcho  Cove,  etc.,  1842,  pp.  6-11. 
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iShining  lustre,  six  or  eight  inches  long  by  three  wide,  are  to  be 
seen  in  the  face  of  the  weathered  surface.  Much  of  its  mica  is 
-crystallized  in  hezaedral  prisms ;  it  is  without  quartZ|  but  its 
place  is  apparently  occupied  by  dolomite  or  magnesian  car- 
bonate of  lime." 

Powell  describes  a  ^'globular  granite,"  which  occurs  in  a 
irery  decomposable  granite,  as  its  gangue,  and  says  of  it,  that  the 
feldspar  appears  to  be  in  fine  grains  and  arranged  in  regular  forms, 
«nd  that  its  faces  are  covered  with  copper  colored  mica  of 
a  rich  velvet-like  lustre.  The  location  which  he  gives  for  this 
on  his  sketch  map  would  indicate  that  it  occurs  at  the  southeast 
<K>mer  of  the  mountain,  but  the  writer  has  not  been  able  to  find 
it  in  place.  He  has,  however,  seen  a  specimen  of  it,  which  was 
sent  by  Powell  to  the  National  Museum,  and  finds  it  to  be  much 
^is  described,  although  it  is  so  weathered  that  little  can  be  made 
out  concerning  it. 

Powell  mentions  a  dark  colored  granite  from  the  north- 
-western end  of  the  east  mountain,  which  occurs  in  several  places 
:and  is,  according  to  him,  the  most  perfect  granite  in  the  region. 
He  states  that  it  contains  all  the  elements  of  granite,  and 
occasional  crystals  of  tourmaline  and  sphene.  He  adds  that  it 
is  very  tough  and  hard,  and  appears  from  its  position  to  be 
younger  than  the  other  formations. 

Near  this  he  found  a  line  of  "  lozen  or  bisquit  shaped  masses" 
of  hornblende  granite  *  extending  for  half  a  mile  or  more. 
In  a  footnote  he  states  that  this,  like  many  of.  the  others, 
is  a  quartzless  variety  of  granite.  He  mentions  the  fact  that 
this  same  rock  appears  in  the  midst  of  the  ^'hornblende  rocks" 
{fourchite),  and  that  a  dike  of  it  six  inches  wide  is  seen  cutting 
them.  Also  that  it  appears  in  the  flat  at  the  top  of  the  west 
mountain  between  the  granite  and  the  "hornblende  rocks«" 

Powell  states   it   as   his    opinion    that    the     greenstones 
{pnlaskite)  were  formed  immediately  after  the  granites  (eleolite 
syenite),  because  one  passes  imperceptibly  into  the  other.    Of 
the  greenstones  (pulaskite)  he  says,  ^' They  are  generally  highly 

^  QoarU  syenite. 
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crystalline  in  their  structure^  so  mnch  so  as  to  merit  the  appel*- 
lation  of  syenitic  or  trachytic.'^ 

Under  the  name  oomean,  which  he  takes  from  De  la  Beche's. 
geology  of  Pembrokeshire^  bat  by  which^  he  stateSi  he  does  not 
wish  to  suggest  any  relation  or  similarity  between  the  rocks  that, 
he  describes  and  those  of  that  anthor,  Powell  describes  what  he 
considers  to  be  the  intermediate  stages  in  the  transition  of  the- 
greenstones  into  basalt.     He  adds  that  some  of  them  are  partly 
stratified,  while  others  are  almost  perfect  hornstones.    He  divides, 
them  into  quartzose,  feldspathic  and  hornblendic  corneans,  and 
says  that  they  both  precede  and  follow  the  basalts,  but  that  those 
which  follow  are  the  more  imperfect,  and  are  finally  lost  in  clay^ 
stone.    This  gradual  transition,  he  states,  does  not  take  place 
inside  of  the  Cove  but  on  the  eastern  side  of  the  east  mountain- 
He  gives,  however,  as  a  locality  for  corneans  of   various  kinds  a. 
point  not  far  from  the  base  of  the  east  mountain  on  the  inside  or 
the  Cove.     It  seems  probable  from  Powell's  description  that  he 
includes  under  this  name  the  metamorphosed  and   hardened 
shales  found  inside  the   Cove,  and   the  porphyries  and  meta- 
morphosed  rocks  found  at  the  southeast  corner  of  the  region^ 
(see  page  26).   At  the  point  where  the  great  mass  of  basaltic  rock, 
occurs  at  the  south  end  of  the  Cove,  Powell  found  no  such  tran- 
sitions, but  states  that  the  basalt  (fourchite)  is  superimposed 
upon  the  greenstone  (pulaskite),  and  abuts  against  it.     He  men- 
tions several  varieties  of  basalt  (fourchite),  which  he  considers, 
local   variations  of  one  and  the  same  rock.     He  describes  a 
smooth,  dense,  greenish  rock  as  one  limit,  and  the  coarse-grained 
hornblende  rock  as  the  other,  and  states  that  they  are  both 
basaltic  in  their  characteristics.    After  these  rocks  he  describes, 
kaolin  and  bauxite,  without  discovering  the  true  nature  of  the 
latter,  but  says  nothing  more  about  the  crystalline  rocks. 

Owen, — D.  D.  Owen,  in  his  report,*  describes  granite  from 
the  northwest  side  of  AUis  Mountain  (E,  ^  of  N.  E.  i  of  sec.  28^ 
1  N.,  12  W.)  as  follows :  ^'  This  granite  is  eminently  feldspathic, 
the  feldspar  containing  both  soda  and  potash,  though  it  has  the* 
white  color,  lustre  and  cleavage  of  cleavlandite.    The  quartz  is- 

^  Second  Beport  of  a  G«ologloal  Btoonnolnuiee  of  ArkanMS,  IMO,  p.  68. 
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^ale  gray ;  a  few  orystals  of  hornblende  are  disseminated  with 
occasional  flakes  of  black  mica.  This  rock  might  perhaps  be 
•called  a  granite-syenitei  bnt  the  proportion  of  hornblende  and 
mica  is  so  small  that  it  is  better  designated  as  a  feldspathic 
^granite.  '^ 

The  basaltic  rock  on  the  west  mountain  is  described  as  a 
''  very  ponderous,  black,  porphyritic  basalt,  composed  chiefly 
of  augite,  with  large  interbedded  crystals  of  jet-black  augite.  ^' 
'Owen  describes  also  a  compact  basalt  from  the  same  region.  On 
the  southeast  slope  of  the  Ermentraudt  Mountain  the  rock  is 
-described  as  being  more  porphyritic  in  character  and  as  contain- 
ing more  black  mica. 

Shepard. — C.  U.  Shepard  published  in  the  article  already 
-quoted*  a  list  of  rocks  from  Arkansas,  which  were  sent  to  him 
by  the  Be  v.  E.  B.  Beadle  of  New  Orleans.  Among  them  were 
two  specimens  from  Fourche  Cove.  They  are  described  as 
follows : — 

a.  "Gray  granite  (without  quartz)  with  black  mica  in 
*8mall  scales,  imparting  to  the  rock  the  aspect  of  a  sienite.  It 
-contains  everywhere  diffused  through  its  mass  minute  hyacinth- 
red  crystal8,t  having  the  hardness  of  monazite.  From  Fourche 
Oove,  Pulaski  Cousty.    Sec  84, 1  N,,  12  W. " 

b.  "  From  Same  place  (Sec.  33,  1  N.,  12  W.)  a  coarse 
amygdaloidal  basalt,  containing  thickly  implanted  crystals  of 
.grayish  black  pyroxene,  above  an  inch  in  length  and  much  re- 
eembling  those  found  at  Aussig  in  Bohemia. " 

Harvey. — F.  L.  Harvey  in  his  "  Minerals  and  Bocks  of 
Arkansas,^'  describes  the  following  rocks  from  Fourche  Cove. 
He  says  (page  81)  :  — 

'*  Granite. — Composed  of  quartz,  feldspar  and  mica.  These 
ingredients  differ  in  relative  quantity,  color  and  size  of  the 
crystals,  giving  a  great  number  of  varieties.  Typical  granite 
occurs  in  Fourche  Cove,  Saline  county  and  Magnet  Cove.  The 
following  varieties  are  also   found  in  Arkansas.     Hornblendio 

•  Am.  Jour.  Sel.,  Series  2,  Vol.  Vll.,  1846,  p.  2S8  (foot  note). 

t  Theie  are  probabl/  some  of  the  red  colored  tltanlte  crystali  which  oooar  in  auch 
luce  numben  in  thia  rock. 
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Oranite,  having  a  small  qaantity  of  hornblenHe  with  qaartz,  feld-- 
spar,  and  mica  occur  in  Foarche  Cove.    Might  be  called  granitio^ 

"  Porphyritic  Granite. — Porphyry  is  any  fine-grained  feld- 
spathic  rock  containing  *  large  crystals  of  feldspar.  Occurs  id 
Saline  county,  Fourche  Cove,  Magnet  Cove  and  Pike  county. '" 

''  Feldspathic  Granite. — Contains  a  preponderance  of  feld- 
spar and  occurs  at  Fourche  Cove,  Pulaski  county.  This  baa 
been  used  to  make  an  inferior  millstone. '' 

^^  Trachyte. — ^A  rock  consisting  mainly  of  feldspar^  and  con- 
taining crystals.  Breaks  with  a  rough  fracture.  Gray  Trachyte 
occurs  in  Fourche  Cove,  and  from  the  weathering  of  it  kaolin 
beds  have  been  formed.  '^ 

"  Hornblende  Bock. — *  *  *  There  is  at  Fourche  Cove 
a  grayish  rock,  composed  of  Augite  and  Labrador  feldspar. '' 

**  Doleryte  (Trap.  Basalt). — Basalt  occurs  at  Fourche  Cove 
as  a  compact,  close-grained  augitic  rock,  porphyritic  basalt  and 
ferruginous  trap. '' 

He  closes  his  paper  by  saying,  ^'The  syenitic-granites  of 
central  Arkansas  are  fined  grained ;  even  in  texture,  contaia 
but  little  mica  and  hornblende,  and  rather  too  much  feldspar.. 
They,  however,  make  a  good  stone  for  bridge  work  and  buildings,. 
Vast  quantities  of  good  granite  occur  in  Fourche  Cove,  Saline 
county,  and  Magnet  Cove.  '^ 

GomatocL — T.  B.  Comstock,  in  the  report  of  the  Geological 
Survey  of  Arkansas,  refers  to  the  present  report  for  a  full  de- 
scription of  the  igneous  rocks,  but  mentions  (pa^e  11)  the  occur-^ 
rence  of  two  varieties  of  porphyritic  rock,  viz. :  "  Porphyry,, 
basic  (iron-bearing  minerals),  basaltic  thinning  northeast.  Por- 
phyry (siliceous)  felsitic,  etc.,  thinning  southwest.''  He  al80> 
mentions  "  massive  igneous  rocks  "  as  forming  the  main  portion 
of  the  ridge  of  Fourche  Mountain. 

Day, — David  T.  Day  in  the  Mineral  Resources  of  the 
United  States  for  1888  (loc.  cit.  p.  537)  writes  as  followa 
regarding  the  Fourche  Mountain  syenite  :  '^  The  granite  ia 
properly  a  syenite,  and  is  known  as  the  Fourche  Mountain 
granite  of  Arkansas.      The  following  is  an  analysis  of  thia 
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granite  made  under  the  direction  of  Dr.  John  C.  Branner, 
State  Geologist  *:  — 

Analysis  of  Fourche  Mountain  granite,  ArhanBOS. 

Ferric  oxide ^ 4.01 

Ferrous  oxide......^ ^ ^     0.75 

Alamina «». 20.76 

MagQeBia........................M.....»...............  0.80 

Phosphoric  acid.  ■•■•••m*.. ••>..•«  0.07 

Fotash......^................... M.M 5.48 

6od« 5.96 

Manganese.................. Trace 

Water  at  110«-116o  C 0.06 

Lose  on  ignition........^ 0.58 


Total 101.07 

'^This  granite  is  well  adapted  not  only  for  building 
Btone,  but  more  especially  for  monumental  work.  Although 
the  operations  of  this  company  (Arkansas  Granite  Com- 
pany) are  of  such  recent  date,  the  amount  of  business  already^ 
done  by  it  is  quite  considerable.  It  was  awarded  the  con- 
tracts for  furnishing  paving  blocks  to  the  cities  of  Memphis 
and  Liouisville  for  the  year  1889." 

U.        PETBOGRAPHIC    DESCBIPTION    OF     THE    SYENITIC    BOCKS.. 

A.    Blue  Crranite  (Pulaskite). 

As  may  be  seen  from  the  preceeding  chapter  the  main 
ridges  of  the  Fourche  Mountain  region  are  made  up 
of  the  so-called  ''  Blue  Granite/'  the  stone  most  used  as 
a  building  and  paving  stone. 

a.     Physical  Properties. 

Structure. — When  macroscopically  examined,  the  firstr. 
thing  whicb  strikes  the  eye  is  the  peculiar  semi-porphyritic- 
appearance  of  the  rock.  The  feldspar  crystals  stand  out 
conspicuously  on  account  of  their  highly  perfect  cleavage*- 
planes  and  the  light  reflected  from  them.     When  they  have 

^  B.  N.  Bracket t,  analyst. 
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any  distinct  crystal  foroiy  they  appear,  for  the  most  part,  to 
be  tabalar  parallel  to  the  clinopinacoid  (010),  and  to  give  a 
general  trachytoidal  appearance  to  the  rock.  The  crystals 
are  not  nsnally  sharply  defined,  bnt  show  a  rough  surface, 
due  to  the  early  formation  of  crystals  of  a  second  generation. 
Occasionally  a  flake  of  dark  mica  or  portion  of  a  crystal  of 
hornblende  or  augite  is  visible,  but  in  general  the  basic 
«ilicates  are  not  conspicuous.  In  the  spaces  not  occupied  by 
the  large  feldspars,  a  mass  of  finer  grained  material  appears, 
which  shows  minute  reflecting  surfaces,  indicating  that  it  is 
made  up  of  small  feldspars  of  a  second  generation.  See  plate 
1  (frontispiece). 

Color. — The  color  varies  between  wide  limits,  in  some 
cases  being  a  dark  bluish-gray,  while  in  other  localities  the 
rock  is  light  gray  (not  the  ^^gray  granite'^),  but  still  retains 
something  of  the  bluish  tinge.  The  color  depends  upon  that 
of  the  feldspar,  and  is  not  due,  as  might  be  supposed  to  an 
admixture  of  dark  colored  minerals  in  varying  proportions. 

Jointing. — The  fact  that  the  sides  of  the  mountain  are 
covered  with  comparatively  small  blocks  of  this  rock,  and 
that  ledges  appear  only  occasionally,  and  then  generally 
near  the  tops  of  the  ridges,  indicates  that  the  rock  on 
weathering  has  broken  up  into  sharp  cornered  blocks  which 
even  after  long  exposure '  still  retain  their  angular  form. 
These  have  rolled  down  the  sides  of  the  hill  and  compose 
the  extensive  talus,  which  is  so  characteristic  of  these  ridges 
(plate  5 ).  As  would  be  expected  from  this  easy  separa- 
tion into  blocks  the  surface  rock  is  usually  found  to  be 
.unsound  for  some  distance  down,  so  that  where  such  surface 
material  is  used  great  care  mast  be  exercised  in  selecting 
blocks  for  dimension  work.  As  the  quarries  are  pushed 
deeper  into  the  bill,  the  stone  becomes  more  solid,  and  by 
the  time  that  a  considerable  depth  has  been  reacted,  the 
material  is  found  to  be  satisfactory  for  large  dimension 
«tones.  (See  plate  7  showing  stone  quarried  from  the 
Fourche  Mountain  granite  quarry). 

Hardness. — By  hardness  is  to  be    understood  not  the 
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utrength  as  determined  by  compressioii,  bat  the  reeistance 
to  wear.  This  is  a  sabject  to  which  very  little  attention  has 
\>een  paid,  and  one  upon  which  it  is  very  hard  to  obtain  any 
^ata.  The  writer  has  endeavored  to  obtain  some  facts 
which  might  be  used  as  a  basis  for  comparison,  and  to  this 
end  letters,  in  which  were  enclosed  a  list  of  qaestions,  were 
«ent  to  many  prominent  granite  quarries  in  the  country. 

It  was  thought,  that  in  order  to  arrive  at  numerically 
comparable  results,  the  following  points  should  be  taken 
into  consideration,  and  that  they  would  give  some  idea  as  to 
relative  resistance  to  abrasion  or  the  hardness  of  the  rock. 
These  considerations  are  as  follows :  — 

1st.    The  rate  of  penetration  of  a  drill  of  given  diameter. 

2d.  The  distance  to  which  such  a  drill  will  penetrate 
without  being  sharpened. 

3d.  The  amount  of  surface  of  stone,  which  can  be 
dressed  down  from  a  rough  pointed  to  a  bush- 
hammered  surface  in  a  given  space  of  time. 

4th.  The  depth  to  which  a  sand  wheel  will  cut  away 
a  square  foot  of  surface  in  a  given  time. 

There  are,  however,  many  secondary  considerations 
which  should  be  taken  into  account  in  comparing  such  facts, 
but  for  which  no  standard  of  comparison  can  be  obtained. 
Thus,  for  example,  the  nationality  of  the  turners  and 
strikers,  the  portion  of  the  country  in  which  the  quarry  is 
located,  and  the  conditions  under  which  the  men  work,  have 
great  influence  upon  the  distance  penetrated  per  hour  by  the 
drills.  The  quality  of  the  steel  in  the  drill  used  and  the 
degree  of  temper  are  important  points  in  regard  to  the 
distance  penetrated  before  sharpening  is  required.  The 
•amount  of  stone  cut  away  with  a  bush-hammer  or  peen- 
hammer  in  a  given  time,  is  perhaps  more  than  all  the  others, 
"dependent  upon  the  skill  and  diligence  of  the  workman. 

On  account  of  the  various  kinds  of  abrasive  materials 
used  at  the  present  time  to  replace  sand  no  satisfactory  results 
could  be  obtained  regarding  the  rate  of  cutting  of  a  sand 
wheel.     In  some  cases  Tilghman's  chilled  shot  is  used,  while 


42      *  ANNUAL  BBPOBT  STATE  OBOLOOIBT. 

other  granite  workers  employ  the  Pittsburgh  Crashed  Steel 
CompaDy's  patent  crushed  steel. 

Thus  it  appears  that  although  no  very  sharp  distinctions 
can  be  anticipated,  it  may  be  possible  to  draw  some  con- 
clusions regarding  relative  hardness,  which  are  of  interests 
The  deductions  drawn  from  the  answers  sent  by  the  various, 
granite  firms  who  have  seen  fit  to  reply  to  the  questions, 
sent  to  them,  and  whose  answers  were  of  such  a  character- 
that  they  could  be  made  comparable  with  the  others  are^ 
given  in  tabular  form  on  page  43. 

From  this  tabulation  it  will  be  seen  that  the  blue  granite 
from  Fourche  Mountain  is  in  general  harder  than  most   true 
granites  from  other  parts  of  the  country.     This  is  due  to   ita. 
compactness  and  to  its  almost  complete  lack  of  porosity,  as  shown 
by  its  low  degree  of  absorptiveness.     Although  the  hardness  of 
quartz  (7),  which  is  a  constant  constituent  of  all  true  granites,  is 
greater  than  that  of  feldspar  (6),  it  is  at  the  same  time  more 
brittle,  and  is  consequently  chipped  away  more  rapidly  by  the 
pounding  of  the  drill.     The  mineral  eleolite  is  somewhat  softer 
than  the  feldspar,  so  that  in  rocks  in  which  the  former  is  present, 
in  large  quantities,  the  hardness  is  less  than  in  those  where  it  ia. 
wanting.     The  syenite  of  the  Diamond  Jo  quarry  at  Magnet 
Cove,  Arkansas  contains  large  quantities  of  eleolitie  and  is  con- 
sequently not  as  hard  as  the  blue  granite  (pulaskite)  of  Fourche* 
Mountain. 

Strength. — The  strength  or  resistance  to  crushing  of  the 
blue  granite  (pulaskite)  is  very  great,  and  as  is  shown  by  the 
tests  given  below  it  is  considerably  stronger   than    any   true 
granite  yet  tested.    In  order  to  ])rove  this  a  number  of  com^- 
pression  tests  were  made  upon   blocks  out  from  blue  granite 
(pulaskite)   of   various  shades  of  color.    These    blocks    were 
so  cut  as  to  give  as  nearly  as  possible  one  and  a  half  square 
inches  of  bearing  surface.     In  order  to  reduce   as  much   aa- 
possible  the  effect  of  the  jar  of  dressing  upon  the  rock,  the  blocka 
were  sawed  from   hammer-broken  specimens  three  inches   oi- 
more  on  an  edge.     They  were  sand-rubbed  on  all  sides,  but  not. 
polished.    Before    being    broken,   they  were    measured    on    a^ 
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72 

72 

86 

144 

72 

!«••••••• 

72.9ft. 

Fraction  of  inch,  per  hour,  which  a 
grindiog  uble  cute  awair  frum 
a  surface   one    square   foot  in 

*•••..... 

••••••••a 

Ya 

Ji 

Ya 

? 

AKvoaIva  mftfAPlftla  llMll    

Cmah 
ed 

steel. 

Chill- 
ed 
shot. 

ChiU-. 
ed 

shot. 

Ai 
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micrometer  and  were  carefullj  examined  to   be  sare  that   no 
^aws  or  cracks  existed,  which  might  influence  the  results. 

The  blocks  were  bedded  upon  book-binders'  board  in  order 
'*to  give  a  good  bearing  surface  and  to  equalize  the  pressure.  * 

The  tests  were  made  upon  a  50,000  pound  (Tinins  Olsen) 
testing  machine  at  the  Rensselaer  Polytechnic  Institute  in  Troy, 
New  York;  the  machine  was  kindly  loaned  for  the  purpose  by  P. 
O.  Bicketts,  C.  E.,  Professor  of  Rational  and  Technical  Mechanics 
>at  that  institution. 

The  following  list  is  arranged  according  to  the  color  of  the 
specimens  tested;  the    lightest  coming  first  and   the   darker 
^varieties  following  in  their  order,  f 

Tabu  of  Compremon  Tests  of  " Blue  Granite" 


OOLOB. 

Area  of  Sarfaoe  in 
square  inches. 

Aetna!    crushing 
load  in  Ibe. 

Pressure  In    lbs. 
per  square  inch. 

Reduced  tooorrea- 
pond  to  pressure 
per  sq.  in.  on  2  in. 
cubes  (t)  in  lbs. 
per  square  inch. 

1 

Light  blae 

1.64 
1.07 
1.87 
1.50 

1.67 

47,000 
22.800 
85,950 
48.600 
44,900 

28,700 
21;M)0 
22,900 
29,000 
27,900 

88,280 

2 
S 

4 
6 

Slightly  darker.... 
SUghUy  darker.... 

ftlediam  blue .... 

Very  dark  blue 

26.820 
26.746 
84,950 
82,630 

Mean 

26,000 

80,900 

These  blocks  all  broke  without  cracking.  They  exploded 
with  great  force,  and  those  which  stood  the  highest  pressure  tore 
the  book-binders'  board  completely  to  pieces  when  they  broke, 

^  For  the  use  of  this  material  see  *'  Tests  of  Butland  and  Washington  County  Slates" 
'by  J.  Francis  Williams,  Van  Noetrand's  Eog.  Mag.,  No.  CLXXXVIU..  New  York,  1884,  pp 
101-103. 

t  This  Hat,  including  several  other  rocks  to  be  mentioned  later,  was  published  in  the 
Ballroad  and  Engineering  Journal,  Vol.  LXV.,  1891,  p.  13,  under  the  title  of  "  Tests  of  Some 
'  Arkansas  Syenites." 

X  Q.  A.  Gillmore  in  his  report  on  CompressiTe  Strength,  etc.,  of  building  stones  of  the 
U.  S.    Appendix  II.,  of  annual  report  of  Chief  of  Engineers  for  1875,  Washington,  1876,  statea 
^  that  the  resistance  to  compression  per  square  inch  of  bed  surface  in  cubes  of  different  di- 
mensions Taries  as  the  half-ordinates  of  a  cubic  parabola.  ^^ 

The  reduction,  therefore,  may  be  accomplished  by  applying  the  formula  V'^^tp, 
'^here: 

y— pressure  per  squars  inch  in  block  of  required  size. 
x«-length  of  edge  of  block  required  in  terms  of  edge  of  block  tested. 
/>— crushing  strength  expressed  in  pounds  per  square  inch,  as  obtained  from  the 
block  tested. 
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showing  with  what  great  velocity  the  particles  of  the  stone  were 
forced  apart. 

The  specimens  tested  bad  approximately  the  size  and  ap- 
pearanoe  shown  in  the  aeoompanyiog  oats.  The  blocks  arft- 
drawn  in  oblique  projection. 

— )_-„ 


After  the  ornshing  two  paraboloids  (?),  similar  to  those- 
shown  in  Fig.  2,  usually  remained  point  to  point  as  iadicated^ 
and  the  material  which  made  np  the  rest  of  the  block  was  gen- 
erally reduced  to  powder,  or  brokeu  into  thin  splinters  and 
wedges. 

The  specimens  from  which  these  blocks  were  cut  were  taken. 
Jrom  the  various  quarries  on  Fonrche  Mountain,  but  as  some  of 
the  pieces  were  more  weathered  than  others,  and  as  some  were 
subjected  to  more  jar  in  preparing  them  than  the  rest  were,  it. 
seems  beet  not  to  indicate  the  exact  localities  where  the  several 
speciroene  were  obtaioed,  lest  such  a  statement  should  lead  to. 
DDwamnted  disoriminations. 

It  will  be  seen  by  oom^Mring  the  results  of  these  experi- 
ments with  those  obtained  by  QiUmore  (loo.  cit.),  that  the  oom- 
preseive  strengths  are  much  higher  than  those  of  any  of' 
the  granites  given  in  bis  table.  A  list  of  some  of  the  more  im- 
portant granites  of  the  country,  as  taken  from  Gillmore's  report^ 
ia  given  below.  It  shows  that  the  Fourohe  Mountain  bln& 
granite  (pnlaskite)  is  much  superior  to  any  of  them  in, 
Btiength. 
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OompresHan  ieaU  of  Syenite  and  Granite. 


LOCAUTY. 


I  • 

B  O  V 

0  a  a 
Ok 


Fonrche  MoanUiOi  Ark.  (highest  test). 

Fourohe  MouDtain,  Ark.  (mean  of  5  tests).... 

St.  Oloud,  Minn,  (highest  test) ^ 

Pompton,  N.  J .m......~......1... 

Mystic  RiTer,  Conn 

Staten  Island,  N.  Y 

Maine  (highest  in  state)... 

Richmond,  Va 

Huron  Islind,  Mich «.. 

Westerly,  R.  I 

Quincy,  Masi 


a— ee  —»■•»••■••••■•■• 


St.  Oloud,  Minn. . 


...•••«•...  .....M*.  ••••«• 


Bay  of  Pundy,  Canada 

ATorage  of  82  tests 


84,160 

80,740 

38,000» 

24,040 

22,250 

22,260 

22,125 

21,250 

18,126 

17,750 

17,750 

17,000 

12,020 

16,700 


In  the  case  of  dimension  stones  it  is  seldom  that  a  crashing 
'Strength  of  over  15,000  pounds  per  square  inch  is  required.f 
Builders  seldom  place  a  stone  where  it  will  be  obliged  to  stand 
a  pressure  of  more  than  one  tenth  of  that  which  it  stoodat  its 
test^  and  as  the  maximum  pressure  at  the  base  of  the  Washing* 
ton  monument^  is  but  25.377  tons  (of  2^000  lbs.)  per  square  foot, 
or  842.4  lbs.  per  square  inch,  this  is  by  no  means  a  difiScult 
matter,  as  almost  any  compact  stone^  no  matter  of  what  material, 
i/irill  stand  over  8,000  lbs.  pressure  per  square  inch.  In  the  case  of 
tirches,  where  the  pressure  in  the  ring-stones  is  very  great  these 
are  often  cracked  and  it  is  probable  that  the  great  pressure  com- 

«  The  test  of  the  St.  Cloud.  Minn.,  gray  hornblendic  granice  (syenite of  Winchell)  is  taken 
from  **  Geology  of  MinnesoU,  Vol.  I.  of  Final  Report,  Chapter  III.  Building  Stones  of  Mio* 
nesota,  by  K.  H.  Winchell,  Minneapolis,  Minn.,  1884,*'  pp.  196-197. 

t"  Building  Stone  in  New  York*'  by  John  0.  Smock:  Bulletin  of  New  York  Sute 
Museum,  Albany,  1890,  p.  855;  also  G.  P.  Merrill:  Report,  Smithsonian  Institution,  1885-1886, 
•Part  II.,  p.  490. 

X  Tenth  Census  of  the  U.  S.,  Vol.  X.,  p.  859. 
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^ined  with  an  unequal  distribution  over  the  surface  accounts  for  it. 
In  large  buildings  single  columns  and  blocks  of  stone  are  often 
required  to  carry  huge  masses  of  superstructure.  Single  blocks 
-of  stone  are  used  in  supporting  the  ends  of  bridge  trusses  and 
girders,  where  the  pressure  is  undistributed.  In  such  cases  and 
for  such  purposes  as  these  no  better  stone  can  be  desired  than 
the  Fourche  Mountain  granite. 

Abaorptiveneaa. — By  absorptiveness  is  understood  the  ca- 
pacity of  the  stone  to  take  up  or  absorb  water.    N.  H.  Winchell 
in  his  report  on  the  building  stone  of  Minnesota  (loc.  cit.,  pp. 
185-186)  minutely  describes  a  method  for  determining  the  ab- 
^sorption  of  water  from  the  air,  and  another  similar  one  for  the 
absorption  of  water,  when  the  stone  is  immersed  in  it.    In  the 
*oase  of  the  blue  granite,  the  amount  of  water  absorbed  by  the 
immersed  stone  was  so  small  that  it  was  evident  that  there  would 
be  no  use  of  making  tests  upon  the  absorptiveness  in  air.     The 
method  of  determination  here  adopted  is  virtually  that  described 
by  Winchell,  but  which  was  first  suggested  by  Gillmore  in  his 
report  on  building  stone  (loc.  cit.,  p.  8)«     The  process  may  be 
described  as  follows  : — 

A  piece  of  rock  weighing  from  30  to  60  grams  (ca.  1  to  2 
-ounces),  which  has  been  rounded  and  smoothed  until  no  sharp 
■t^orners  nor  deep  depressions  remain ;  in  fact  until  it  becomes 
what  is  generally  designated  as  "  waterworn,  **  was  weighed  in 
the  air.  It  was  next  immersed  in  water  and  allowed  to  remain 
twenty-four  hours  and  was  then  removed,  dried  externally  with 
a  piece  of  filter  paper  and  weighed  again.  It  was  then  again 
immersed  and  after  another  day  reweighed,  and  in  case  the  dif- 
ference between  the  two  weights  was  not  very  great,*  this  second 
weight  was  taken  as  that  of  the  stone  saturated  with  water. 

The  absorptiveness  is  expressed  in  figures,  by  giving  the 
number  of  parts  by  weight  of  stone,  which  are  required  to  absorb 
one  part  by  weight  of  water.  This  is  called  the  ratio  of  absorp^ 
UoUf  and  is  as  follows  for  the  blue  granite  (pulaskite),  from 
Fourche  mountain  and  for  several  true  granites  from  other  places. 

*  If  the  differenee  was  Urge  the  stone  was  again  immersed  and  weighed  again  after 
«iioUier  day,  and  so  on  until  an  approximately  constant  weight  was  obtained. 
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Table  of  ab9orpt%venes9. 


LOCALITY  AND  YABIETY. 


Foarche  BCottatain,  Ark.,  (Mediam  "blae  granite").... 

Fonrohe  Mountain,  Ark.,  (Dark  "blue  granite")  ......... 

St  Oloud,  Minn.,  (red)... 
St  Oload,  Minn.,  (gray). 
Richmond,  Va......^......... 

Nlaotlo,  Conn................. 

Staten  Island,  N.  .Y- 


..■i«»'»«...  ..»»>..i«  »......>. 


Westerly,  R.  I.. 
Qninoj,  Man.... 
Fox  Island,  Me. 


• ■■■.■.  ««««»»■<». 


BATIO  OF  AB80BFTI0N. 


1  to  1678 

1  to  4580 

1  to  212 

Traces  (prob.  not  better  than  1  to  000> 

1  to  848 

1  to  704 

In  all  of  theee  the  abeorption  is  stated 
to  be  too  small  to  be  obsmryed  whii» 
wetghing  (Qillmore).  It  is  probable 
thai  none  of  them  would  on  soaking 
absorb  less  than  1  to  2  or  8  thooa^ 
and  (J.  F.  W.) 


From  the  above  it  will  be  seen  that  the  absorptiveness  haa 
been  determined  for  very  few  of  the  important  rooks  of  the- 
country  and  for  the  most  part  only  for  those  whose  ratio  of 
absorption  is  comparatively  large. 

If  the  Fonrche  Mountain  blue  granite  had  been  determined 
in  the  the  same  way  that  the  others   were  (i,  e.,  only  allowing 
them  to  soak  a  few  minutes)  the  absorption  of  water  would  have- 
been  absolutely  imperceptible.     Of  the  two  rocks  from  Fourche 
Mountain,  the  darker  one  is  evidently  the  less  absorptive,  for  it 
takes  4630  parts  of  it  by  weight  to   absorb  one  part  of  water^ 
while  in  the  case  of  the  lighter  rock  only  1673  parts  are  required 
to  absorb  one  part  of  water.     Either  of  these  ratios  indicates  a 
rock,  which  is  exceedingly  impervious  to  water,  and  one  in  which 
the  interstitial  spaces  are  very  small.     It  is  consequently  a  rock 
which  will  stand  well  in  a  moist  climate,  where  great  changes  of 
temperature  are  frequent.     In  this  connection  it  may  be  stated, 
that  much  of  the  disintegration  of  rock  is  due  to  the  alternate 
freezing  and  thawing  of  the  water  contained  in  the  pores  of  the 
rock.* 


« *<Rf>port  on  Building  Stones,"  1868,  by  James  Hall.  Reprinted  in  8tth  annnal  report 
of  Kew  York  State  Museoni,  Albany,  N.  Y.,  1886,  pp.  88  and  87.  Since  this  artide  was  flrii 
published  in  1868  by  Prof.  Hall,  many  writers  have  mentioned  this  subject,  thus  T.  Sterrj 
Hunt  iteies  :  "  Oth^r  things  be  n^  equal,  it  may  probably  be  said  that  the  Talne  of  a  stone  for 
boildingpnrpose»isiDT«(rsely  a«itspor«ity  or  absorbing  power/'  Chemical  and  Geolofrioai 
Bssays  b?  T.  S.  Hunt,  Boston,  Mass.,  1876,  p.  184.  Among  the  other  articles  upon  this  sa^eet^ 
the  following  may  be  mentioned  ss  being  among  the  more  important : 

"Decay  of  the  Building  Stones  of  New  York  City"  by  Alex.  A.  Jalien  ;  Transaottons  of 
M,  Y.  Academy  of  Bcienors,  1878,  p.  87. 

Building  Stone  in  New  York,  br  John  C.  Smock;  BuUetin  of  the  New  York  Stat» 
Museum,  Vol.  II,  No.  10.,  Albany,  IraO,  p.  878. 
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Some  experiments*  have  been  made  upon  true  granites  with 
a  view  to  determining  practically  the  amount  of  action  which 
freezinfi:  has  npon  the  rock,  but  in  no  case  have  the  experiments 
been  carried  on  long  enough  to  admit  of  any  general  deductions 
being  drawn,  further  than  to  observe,  that  in  a  general  way  a 
disintegrating  action  takes  place. 

Almost  all  authors  seem  agreed  upon  the  fact  that  in  porous^ 
coarse-grained  granites  with  large  interstitial  spaces,  the  action 
of  irost  is  greater  than  in  fine-grained,  compact  rocks.t 

Specific  gravity  and  weight  per  euMc  foot, — One  of  the  most 
important  matters  in  connection  with  the  usefulness  of  a  building 
stone,  is  its  weight  per  unit  of  volume.  This  is  expressed  scien- 
tifically by  means  of  its  specific  gravity,  that  is,  the  weight  of 
any  volume  of  it  whatever,  when  compared  with  the  weight  of 
an  equal  volume  of  wat^r  at  60^  F.  (16.5^  C),  taken  as  a  unit. 
For  practical  purposes  the  absolute  weight  of  a  cubic  foot  of 
stonCi  expressed  in  pounds  is  more  convenient.  The  weight  per 
cubic  foot  may  be  obtained  approximately  from  the  specific 
gravity,  by  multiplying  the  latter  by  62^,  the  weight  in  pounds 
of  a  cubic  foot  of  water  at  60°  F.  (16.6°  C). 

Another  common  expression  for  the  weight  of  stone,  is 
the  number  of  cubic  feet  contained  in  a  ton  (2000  lbs.)  and  is 
obtained  by  dividing  the  number  2000  by  the  -weight  of  a  cubic 
foot  of  stone  expressed  in  pounds.  In  the  following  list  are 
tabulated  the  strength  per  square  inch  in  two  inch  cubes,  specific 
gravity,  weight  per  cubic  foot,  and  number  of  cubic  feet  in  a  ton 
of  three  shades  of  the  ''blue  granite''  from  Fourche  Mountain 
and  of  granites  from  other  localities,  chosen  on  account  of  the 

extremes  in  weight  and  strength  which  they  show. 

^^^^^^^"^-^~^^^^^^'^^^^-^^^"^— ^™^— ^^^^-^^^^^^^^^—       ^^^—       —^^^-^—^^—^  

*  M.  H.  WlBchell.  loo.  cit.|  p.  186.    Ezporiments  by  J.  A.  Dodg«  of  the  Unirenity  of 
IfianewU. 

fK.  H.  Winehell  (loo.  dt.,  p.  188)  makes  two  sUtementa  in  regard  to  thla  matter,  which 
at  flnt  Bight  aeem  aomewhat  oontradiotory.  He  writea,  **  A  atone  that  abaorbs  moisture  abund- 
maUyaadimpidlyiaapttobeinjoredby  alternate  freeaing  and  thawing."  And  in  the  next 
paragmph  he  aUtea, "  A  atone  that  is  compaeUy  and  Jlnely  granular  will  exfoliate  by  freezing 
sad  thawing  more  eaaily  than  one  that  ia  ooane-gralned.*'  In  the  latter  statement  he  OTidently 
leisra  to  the  elayey»  eloee-grmined,  grannlar  rocks  as  distinguished  from  the  crystalline  and 
flhrona  rocka,  since  in  the  next  sentence  he  states  that  the  former  disintegrate  much  more 
xapidly  than  the  latter. 

4  Geologieal;  Vol.  U.,  1890. 
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Table  showing  rdation  of  weight  to  strength  in  granites. 


LOCALITY. 


Fourche  Mountain,  Ark.... 


*c 
11 


l< 


»( 


<l 


II 


•f 


•••••• ••«•••  •••••••••••••■ 


"    (ATengo). 


Staten  Island,  N.  Y. 
Jersey  Heights,  N.  J. 

Dix  Island.  Me 

Quincy,  Mass.. 


■VcolOal^f  J*«    X  ••••••••••■•••••••»••••■••»•••••••••■•«•• 


Oaryer's  Quarry,  Me. 
New  Haven,  Conn..... 


COLOR. 


Light  blue 

Medium  blue... 
Dark  blue........ 


Blue ......... 

Very  dark 


Light......M.. 


Light..... 


•»••••••• 


Gray. 


Strength  per 

square  inch  io  2 

inch  cubes. 

Specific 

gravity. 

Weiffht  per 
cubic  ft.  ex- 
pressed in  lbs. 

88,280 

2.685 

164;7 

84,9S0 

2.642 

166.1 

• 

82,680 

2.690 

168.1 

88,620 

2.666 

166.0* 

22,250 

2.861 

178.8 

22,200 

8.080 

189.5 

16,000 

2.686 

166.6 

14,750 

2.696 

168.7 

17,760 

2.646 

166.6 

16,093 

2.676 

161.0 

9,600 

2.600 

162.6 

12.14 
12.11 
11.89 
12.06 
11.18 
10.66 
12.01 
11.91 
12.07 
12.42 
12.80 


It  will  be  observed  that,  where  granites  having  aboat 
the  same  weight  as  the  Fourche  Mountain  rock  are  considered, 
they  have  very  much  less  strength^  and  where  the  strength 
approaches  that  of  the  Fourche  Mountain  rock,  they  increase 
very  much  in  weight. 

Effect  of  heat. — Specimens  of  blue  granite  (pulaskite) 
were  experimented  upon  with  regard  to  the  effect  of  heat  only  in 
a  very  crude  way.  The  various  specimens  were  successively 
placed  in  a  crucible  and  brought  to  a  red  heat  in  a  crucible 
furnace  heated  by  gas^  and  the  following  effects  were  observed  : 

a.  Up  to  the  point  where  the  first  degree  of  redness  was 
observed,  no  alteration  in  the  stone  was  detected, 

b.  Up  to  a  low  red  heat,  the  stone  was  only  slightly  and 
superficially  injured.  When  rubbed  in  the  hands  after  having 
been  so  heated  small  particles  of  feldspar  were  detached. 

c.  Up  to  a  bright  red  heat,  the  stone  showed  the  same 
deterioration  as  mentioned  above,  but  in  a  greater  degree,  and 
in  addition  it  emitted  a  rasping,  hollow  sound,  when  rubbed  in 
the  hands,  showing  that  to  a  considerable  distance  below  the 

*  Average  weight  per  cubic  meter  of  the  blue  granite  is  2669  kilos. 
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surface  the  feldspar  crystals  had  become  cracked  and  separated. 
No  cracks  were  observed  in  the  stone  itself. 

It  is  probable  that  the  stone  stood  these  rather  severe  tests 
as  well,  if  not  better,  than  specimens  of  true  granite,  that  is 
granite  containing  quartz,  would  have  stood  them. 

The  most  complete  paper  upon  the  subject  of  the  effect  of 
'heat  upon  granite  is  that  published  by  H.  A.  Cutting.  * 

Cutting  says :  "  When  the  specimens  were  heated  to  600 
tlegrees  Fah.,  I  have  immersed  them  in  water,  also  immersing 
-others,  or  the  same  if  uninjured,  at  varying  temperatures  up  to 
^00  and  900  degrees,  that  is,  if  they  are  not  spoiled  at  less 
•temperatures.^' 

On  page  4  he  remarks :  ^^  I  find  that  all  these  samples  of 
•building  stones  (granites,  sandstones  and  limestones)  have  stood 
heat  without  damage  up  to  600  degress.  At  600  degrees  a  few 
-are  injured ;  but  the  injury  in  many  cases  commences  at  or  near 
that  point.  When  cooled  without  immersion  they  appear  to  be 
injured  less,  but  are  ready  to  crumble,  and  I  think  they  are 
many  times  nearly  as  much  impaired,  and  always  somewhat 
injured  where  water  produces  any  injury.^' 

N.  H.  Winchell  in  hts  work  on  the  building  stones  of  Min- 
nesota, already  cited,  gives  numerous  experiments  on  the  heat- 
ing of  granites  and  other  stones  (loc.  cit.,  p.  186). 

Secapitulation  of  results* — A  recapitulation  of  the  results  of 
the  foregoing  tests  may  be  given  in  a  few  words,  which  will 
«how  very  decidedly  the  great  value  of  the  Fourche  Mountain 
granite  (pulaskite)  as  a  building  and  paving  material. 

1.  Its  strength  is  greater  than  that  of  any  known  granite. 

2.  Its  hardness,  or  resistance  to  wear  is  very  great,  and  as 
far  as  comparison  has  been  possible,  it  has  been  shown 
to  be  harder  than  any  true  granite. 

3.  Its  weight  is  less  than  that  of  most  true  granites,  and 

when  compared  with  that  of  graoite  having  at  the  same 
time  great  strength,  it  is  found  to  be  less  than  that  of 
the  latter. 


•  Notes  on  Building  Stones,  oho  on  Plant  Orowtfa,  bj  Hinun  A.  Catting,  A.  M., 
^Ph.  D.,  State  Geologitt,  Vermont,  Montpelier  Vt.,  1880.  Thia  was  also  pablished  In  the  ttate 
vtpurt  of  Vermont. 


62  ANNUAL  REPORT  STATE  QEOLOOIST. 

4.  Its  resistance  to  fire  is  considerable  and  is  probably 
greater  than  that  of  any  stone  containing  quartz. 

5.  Its  porosity  and  absorptiveness  are  very  small,  and 

amount  to  practically  nothing.  Hence  the  action  of 
frost  and  moisture  upon  it  will  be  reduced  to  a. 
minimum. 

6.  On  account  of  its  lack  of  porosity,  and  the  uniformity 
of  its  mineralogic  composition,  the  action  of  acids  and 
corrosive  gases  upon  it  is  very  slight. 

7.  Its  resistance  to  weathering,  which  is  in  a  great  parfe 
determined  by  TSob.  2,  6  and  6,  is  probably  very  great,, 
and  indeed  it  is  actually  shown  to  be  so,  by  the  sharp- 
comers  and  sound  faces  of  the  rock,  which  for  centuriea 
has  lain  on  the  side  of  the  mountain,  exposed  to  the^ 
action  of  the  elements. 

8.  Its  color  is  extremely  pleasing,  and  as  the  amount  of 

iron  compounds  present  is  very  small  the  etone  does 
not  easily  stain  or  change  color.  It  is  probable,  how- 
ever, that  in  time  the  dark  bluish  gray  color  wiU 
become  somewhat  lighter,  owing  to  the  fading  out  of 
the  blue-gray  feldspars. 

9.  Its  hardness  makes   the  drilling,   quarrying   and  the 

dressing  of  the  stone  somewhat  more  difficult  than  ia 

the  case  with  true  granites,  but  this  is  offset,  in  a  great 

measure,  by  the  natural  planes  of  separation,  which  are 

found  lying  at  nearly  right  angles  to  each  other  in  the 

massive   rock,    and    which  are  so  distributed  as   ta 

facilitate  the  quarrying  of  the  rock   in  a  very  marked 

degree.  (See  plate  3,  p.  20). 

N.  H.  Winchell  (loc.  cit.,  p.  199)  prints  a  table  in  which 

he  gives  ^^credits"  on  a  basis  of  ten  for  each  one  of  the  qualities 

of  a  rock  and  obtains  the  list  given  in  the  first  column  of  the 

following  table  for  the  granite  from   East  St.  Cloud,  Minn.^ 

The  second  column  of  the  following  table  contains  the  results  of 

the  tests  on  the  blue  granite  (pulaskite)  from  Fourohe  Mountain^ 

*  The  qaaliiy  hardmsu  was  not  coiuid«nd  by  Winchtlli  bat  has  bMo  InMrted  Ia 
the  Uble,  whieh  ii  in  other  retpectfl  (total  and  arerage  ezotpted)  ashe  glvea  it 
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Table  showing  relative  quuUUiea    of    Arkansas  and  Minnesota 

''Granites." 


TESTS. 

E.  St.  Cload, 
Minnesota  granite. 

Pourche  Mountain, 
Ark.,  bine  granite  (pu- 

Onshiag  strength -j 

10 
10 

Ko  bedding, 
lit 

fistloof  •beorptioiL....-«i. 

10 

11 

Abaorption  of  moiftare  in  7  weeks.................. 

10 

Absorption  of  wstsr  In  4  dsTS......................... 

8 

10 

F^twt  8  voeks,  Tistble  6Aots^«*...M..«.,...MM*<«*«« 

10 

•  ■• 

M^itB  oi  wttgnt  Dy  irosin«»..u. <••■••«. ..*«•«•«.•*•••■•«•• 

10 

••• 

Visibls  effKts  of  dry  best  to  redn«ss.-.....M.  .. 

10 

10 

Visible  elleets  of  water  on  dry  stone » 

5 

••• 

Sffect  of  csrbonie  seid  in  6  weeks....... 

10 
9 

Visible  efltets  of  corrodins  ▼spors.. .•..••..«. ...... 

Loss  of  weight  by  oorrodlng  ▼spon.....M.......... 

10 

»•• 

VSlCilitr  of  WHMBlittg . 

i 

3 

7« 
124 

10 

X01AI  OFOQl«o*»»««ss«a««««««M«««af  ••••«•«•••• 

65 

BaiilK  OB  •«•!•  of  190..........M... 

98.5 

91.1 

Oray. 

Blue. 

By  this  rating,  the  strength  and  absorptiveness  of  the  Ar- 
iamsas  rock  become  more  than  ten.  That  the  Little  Bock 
granite  stands  below  that  from  Minnesota  in  ''  facility  of  dress- 
ing''  may  be  assumed  from  the  statistics  received  from  the 
Ortonville,  Minnesota,  quarries,  the  stone  from  which  is  prob- 
ably very  similar  in  character  to  that  from  E.  St.  Cloud. 

The  low  rank  of  the  Fourche  Mountain  rock  in  ^'facility  of 
dressing^'  is  offset  by  its  superior  '^hardness/'  for  as  was  shown 
«bove,  these  two  properties  are  almost  complementary. 

Prof.  Winchell  states  that  as  far  as  the  true  relative  values 
of  rocks  for  practical  purposes  are  concerned  some  of  the  tests 
are  much  more  important  than  the  others.  Thus  the  resistance 
to  fire  and  the  absorption  of  moisture  from  the  air  are  less  im- 

•  Not  given  in  Wlncheirs  Ubie. 

t  Although  not  mathematically  allowable,  this  representing  of  certain  qualities  of  the 
ArksBsas  rock  by  numbers  greater  than  10  gives  a  better  idea  of  the  relative  value  of  the  two 
tocks  than  conld  otherwise  be  obtained. 
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portant  than  the  streDgth,  hardness  and  resistance  to  frost  action.. 
It  would,  however,  be  very  difficult  to  construct  a  table  or  ratio> 
which  would  express  these  relative  values  correctly. 

Uses  of  blue  granite. — The  blue  granite  (pulaskite)  haa 
already  been  quarried  to  a  considerable  extent  both  as  a 
building  stone*  and  as  a  material  for  roads,  either  in  the  forn^ 
of  Belgian  blocks  for  streets  or  of  crushed  stone  for  macadamized 
highways.  As  a  building  stone  it  has  been  used  very  largely  ii> 
the  form  of  window-  and  door-sills,  window-caps,  water-tables,, 
stone  steps,  and  foundation  materials,  and  has  also  been  used  as 
the  principal  wall  stone  in  several  large  edifices. 

The  Pulaski  county  court-house  (plate  9)  on  the  corner  of 
Second  and  Spring  Streets,  Little  Bock,  is  built  above  the  base- 
ment of  blue  granite  (pulaskite)  trimmed  with  limestone.  The^ 
basement  is  constructed  of  the  brown  granite  (dike  rock)^ 
and  will  be  mentioned  later.  This  building  is  tasteful  and  tho' 
contrast  between  the  different  stones  used  in  its  construction  i» 
very  pleasing. 

The  Boman  Catholic  cathedral  on  the  corner  of  Seventh 
and  Louisiana  streets,  Little  Bock,  is  built  partly  of  tha 
blue  and  partly  of  the  brown  granite,  but  the  two  stones  are 
mingled  in  such  a  way,  as  to  give  a  somewhat  mottled  appearance 
to  the  building.  It  is,  therefore,  not  as  handsome  a  building  aa 
would  have  been  produced  had  either  rock  been  used  alone. 

The  Dallas  County  court-house  in  Dallas,  Texas,  is  built  in 
part  of  the  blue  granite  of  Arkansas  and  is  already  so  far  com^ 
pleted  as  to  show  that  it  will  be  an  extremely  handsome  biiilding*^ 
Several  other  buildings  in  Dallas  are  built  in  part  of  the  Ar^ 
kansas  stone. 

The  First  Methodist  Church  of  Memphis,  Tennessee,  ia 
built  mostly  of  the  blue  granite,  and  this  material  has  been 
extensively  used  in  the  construction  of  a  large  brewery  in  the 
same  city. 

The  stone  appears  in  many  store  fronts,  retaining  walls> 
bridge  piers  and  abutments  throughout  the  btate,  and  has  also 

opiates  shows  a  number  of  blocks  of  blue  granite  dressed  at  the  "  Fonrche  Mottntala 
qnarrj"  owned  bj  ex-OoTernor  C.  C.  Bliss  of  Little  B>ck. 
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been  much  used  for  such  minor  purposes  as  bitobing  and   gate 
posts  and  mounting  blocks. 

Thousands  of  tons  of  this  rock  have  been  quarried  for  Bel- 
gian blocks,  and  have  been  shipped  to  many  of  the  neighboring 
cities,  as  Louisville,  Memphis,  etc.,  as  well  as  having  been  used 
in  Little  Bock  itself.  No  better  stone  can  be  conceived  of  for 
this  purpose,  for  it  fulfills  all  the  requirements,  that  are  made  of 
such  material.  It  is  strong  enough  to  withstand  any  blows  it 
may  receive  and  at  the  same  time  is  hard  enough  to  resist  the 
wear  to  which  it  may  be  subjected,  better  than  any  known  granite 
or  syenite.  It  does  not  become  smooth  and  slippery  under  con- 
tinual wear  as  paving  blocks  consisting  of  only  one  mineral  or 
of  very  fine-grained  constituents  are  known  to  do.* 

In  the  form  of  crushed  rock  for  the  foundation  of  macad- 
amized roads  this  rock  has  already  proved  itself  very  valuable. 
It  should,  however,  be  covered  with  a  layer  of  denser,  finer 
grained  stone,  like  trap  or  quartzite,  which  will  withstand  the 
pulverizing  action  of  the  wheels  longer  than  the  granular  "syen- 
ite." The  blue  granite  is  quite  commonly  employed  as  curbing, 
but  it  is  so  hard  to  work  and  this  class  of  cut  stone  commands 
so  small  a  price  that  it  is  not  very  profitable  to  use  it  for  thi» 
purpose. 

b.    Crystallographic,  Microscopic  and  Chemical  Investigation*. 

The  structure  of  the  blue  granite  (pulaskite)  may  be  de- 
scribed as  being  intermediate  between  hypidiomorphic- 
granular  and  granitic  porphyritic,  inclining  in  some  speci- 
mens more  to  the  one  and  in  others  more  toward  the  other. 
The  form  of  the  feldspar  crystals  gives  a  trachytic  (see: 
chap.  IV.  II.  C.  1)  appearance  to  the  rock. 

The  following  minerals  are  usually  found  in  every 
specimen  of  the  rock,  but  they  are  present  in  variable 
quantities.  Especially  among  the  basic  silicates  is  this 
particularly  noticeable  since  in  many  cases  one  of  them  pre- 
dominates to  the  almost  complete  exclusion  of  the  others. 

«  See  CensaB  Bttlletia  No.  45  of  the  Elerenth  CensuB  of  the  United  Suites,  March,  189U 
page  2S. 
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The  minerals  are  orthoclase  (kryptoperthite),  hornblende 
(arfvedsonite),  aagite  (diopside),  biotite,  eleolite/  sodalite 
(rare),  titanite,  apatite,  etc. 

This  rock  corresponds  in  some  respects  to  the  third 
variety  of  augite  syenite  mentioned  by  Rosenbasch  (Mik» 
Physiog.  Band  II.,  p^  70)  and  described  by  Brogger^ 
(Silar.  Etagen,  p.  256.)  Brogger  called  the  rock  which  he 
described  in  the  Silar.  Etagen  aagite  syenite,  bat  in  his 
later  pablication  he  gave  the  local  name  laurvikite  to  it 
(Syenitpegmatitgange,  p.  28.)  The  Norwegian  rock  is 
characterized  by  a  pecaliar  form  of  feldspar,  which  does  not 
exist  in  the  Arkansas  rock,  and  hence  a  complete  similarity 
cannot  be  established  between  the  two  rocksf.  Ordinarily 
the  Arkansas  rock  is  much  richer  in  hornblende  (arfvedson- 
ite)  than  the  laarvikite  or  the  aagite  syenites  in  general 
and  must  be  considered  as  a  trachitic  form  of  an  eleolitic 
hornblende  syenite.  Sach  a  rock  has  not  as  yet  been  de- 
scribed and  the  writer  suggests  the  name  pulaskite — that 
of  Palaskit  county  in  which  the  city  of  Little  Rock  and 

*  W.  C.  Brdgg«r,  now  Professor  of  BilDeralogy  aod  Geol<^7  in  the  high  school  In  Stock- 
holm, published  In  1882,  »  work  entitled  "  Die  silaritchen  Etagen  2  and  8  Im  KristUalageblet 
and  Ruf  Eker,  ihra  Oliederang,  Poasilien,  Schlohtenstdrungen  und  Oontactmetamorphoeen 
Ton  W.  C.  Brogger,  KriatlanU,  1882. "    In  this  he  deecrlbes  eepeoiallf  the  sedimentary  rocks 
and  their  fossils,  bat  at  the  same  time  gives  a  short  description  of  the  Igneoos  rock  of  that 

region. 

In  1890  the  same  aathor  published  a  work  entitled  '*  Die  Mlneralien   der  Sjenit- 

pegmatltgflnge  der  sQdoorwegischen  Augit-  and  Nephellnsyenite  von  W.  C.  BrGgger  mit  zahl* 
reicben  chemisch-analytlschen  BeitrSgen  von  P.  T.  Oleve  U.  A.,  Leipslg,  1890."  This  ap- 
peared as  the  sixteenth  volume  of  the  Zeltschrif t  far  Krystallographie  und  Mineralogie  pab« 
lished  by  P.  Oroth  and  consists  of  one  volume  divided  into  two  parts.  The  first  285  pages  are 
devoted  to  a  geologic  description  of  the  region  about  Chrlstlsnia,  and  contain  many  petro- 
graphic  descriptions  and  analyaea  of  the  igneous  rocks.  In  the  second  part  of  the  work  the 
aathorooDfineafaimaelf.aa  the  title  indlcatea,  to  the  description  of  the  individual  mioerala 
which  occur  m  the  pegmatite  dlkea  in  that  region.  The  author  of  these  valuable  works  is  now 
preparing  a  monograph  upon  the  igneous  rocks  of  the  same  region,  in  which  he  will  discuss 
their  petrographic  characteristics  and  relations  more  fully  than  he  has  done  in  either  of  the 
preceding  publications.  It  is  for  tbis  petrogrophic  monograph  that  many  of  the  analyses  pab- 
fished  in  the  SyenitpegmatitgSnge  were  prepared. 

i^s  numerous  references  will  be  made  in  this  report  to  these  two  works,  they  will  be 
designated  in  the  text  simply  as  (Sllur.  Etagen,  p.  — ),  for  the  earlier,  aod  (Syenitpegmatit^ 
gftnge.  p.—)  for  the  latter,  and  thus  many  long  titles  and  numerous  foot  notes  will  be  avoided  ^-^ 

t  Professor  Bosenbusoh  has  kindly  informed  the  writer  that  although  the  typical  laur- 

▼ikite  is  not  identical  with  the  Arkansas  rock,  certain  varieties  of  the  former  resemble  it  very 

closely. 

X  The  county  was  named  after  Count  Casimir  Pulaaki,  a  Polish  patriot,  who  fought  on 

the  American  side  during  the  war  of  the  Bevolutlon  and  was  killed  at  the  siege  of  Savannah, 

Ga.,  in  1779. 
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^oarche  Moantain  are  situated — aa  a  designation  for  this 
"type  of  rock§. 

The  relation  of  pulaskite  to  the  rocks  which  it  most 
-closely  resembles  is  represented  by  the  following  diagram: 

ijhraphio  representatum  of  the  rdoHon  of  puUukite  to  the  aUied 

roeka. 


8YK9ITB 


OmnUie 
ttnutun. 


Aaglto. 

Oraniiie 
Hrueture, 


Hornblende- 

EleoUte'  j  g 
odallte  \  I 

Hrueiurt, 


Bodalite  |  ^ 
EleoUte  \  |r 

Ihichytic 
stmelun. 


PULASKLTE. 
Orthoclaae. 

BioUto. 
Hornblende. 

Ai^M   Uttl« 
■tooUU,  Uttl« 


Hornblende! 

T^ehytie 
atruetur€. 

■ 


Hornblende. 

Xirashytie 
itntoime. 


Augite. 

LttUTvikUie 
ttmdure. 


EleoUte  I  ■ 
Augite  I  I 

Oraniiie 
Hru^ure, 


BliBOUTB 

STBirm 


The  minerals  and  stractures  enclosed  in  the  squares 

'nearest  to  the  various  rocks  mentioned  represent  the  in- 

.^redients    and  properties  which  those  rocks  possess  and 

the  others  lack.      Thus  pulaskite  contains  hornblende  and 

has  a  trachytic  structure,  while  laurvikite  contains  augite  in 

2  As  thie  is  going  to  press  word  bas  been  received  from  Professor  W.  S.  Bayley  of  Colbj 
^BiTeisitj,  Waterrllle,  Maine,  that  be  bas  found  the  rock  from  Red  Hill,  N.  H.,  described  as 
hornblende  syenite  bj  O.  W.  Hawes  (Mineralogy  and  Lithology  of  New  Hampshire,  1878) 
te  be  an  eleollte  sjenite,  and  oonsequently  a  hornblende  eleoUte  syenite.    The  New  Hampshir  ^ 
^roek  ia,  howoTer,  qnite  nnlike  that  from  Arkansas  in  appearance  and  structure. 
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large  qaantitieB  and  little  or  no  hornblende  and  has  a  laur-^ 
vikitic  strnctare. 

Orthodaae  is  by  far  the  most  important  mineral  in  the^ 
rock.  It  appears  asaally  in  two  distinct  generations.  The 
crystals,  which  belong  to  the  first  generation,  are  large  (10-30 
mm  in  length)  and  often  show  an  idiomorphic  form,  although 
this  is  frequently  hidden  by  the  beginning  of  the  crystalliza- 
tion of  the  minerals  of  the  second  generation,  before  that  of 
the  first  was  entirely  completed. 

It  is  seldom  that  the  external  form  can  be  observed,, 
but  in  a  slightly  weathered  specimen  of  the  blue  rock,  con- 
taining very  large  crystals,  individuals  were  found  showings 
the  following  faces:     OP  (001),  ooPdo   (010)  and  ooP  (110)^ 
Some  of  these  crystals  were  twins  parallel  to  the  base  (100), 
while  the  others  were  Carlsbad  twins.    In  one  case,  these  two 
laws  were  observed  combined  in  the  same  crystal.    Thes^ 
large  orthoclase  phenocrysts  are  for  the  most  part  very  im- 
pelucid,  but  in  some  cases  ihey  are  partially  transparent  in 
the  center.    A  kaolinization  has  evidently  taken  place  from 
the  outside,  and  has  worked  inward  leaving  the  centers  of* 
the  larger  crystals  comparatively  fresh. 

The  crystals  have  two  systems  of  cleavage-planes  paraK 
lei  respectively  to  the  base  (001)  and  the  clinopinacoid  (010). 

Several  of  these  crystals  were  kindly  measured  by 
Professor  J.  P.  Kemp  of  Cornell  University,  with  the  follow- 
ing results : — 

P:Af(l) 89**  57' 

(2). 90    03 

(3) 90    00 

Mean .„.,  90    00 

Another  piece,  on  which  the  faces  were  not  quite  so- 
perfect,  gave  a  variation  from  90^  of  8^  minutes,  but  it   is 
certain  that  the  first  readings  are  the  more  correct.    It  ia 
evident,  therefore,  that  the  crystal  is  monclinic  in  its  habits 

Under  the  microscope  some  of  the  feldspar  crystals  are 
seen  to  contain  small  cavities,  elongated  in  such  a  way  as  ta 
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give  the  appearance  of  min ate,  black  needles.  These  are 
generally  arranged  parallel  to  each  other  and  are  found 
either  at  right  angles  to,  or  parallel  to  the  cleavage-planes.* 
A  few  larger  cavities  have  beeci  observed,  which  appear 
to  contain  flaids,  in  which  stationary  gas  babbles  often 
appear.  In  many  crystals  an  indistinct  microperthitic  stract- 
are  has  been  observed. 

When  viewed  in  convergent  polarized  light  the  optic^ 
axis  angle  of  the  feldspar  is  seen  to  be  small,  not  over  30% 
bat  it  has  not,  however,  been  accarately  measured  in  any  oi^ 
the  specimens.  In  all  cases  in  which  it  has  been  observed  it 
has  been  found  to  lie  in  the  symmetry-plane  (010). 

The  feldspar  contains  as  inclusions  besides  the  basic  silicates^ 
apatite,  magnetite  and  not  infrequently  irregularly  bounded 
grains  of  eleolite  or  nepheline.  If  several  of  these  are  in- 
cluded in  the  same  individual,  they  are  generally  all  extinguished 
at  the  same  time  when  examined  between  crossed  nicols.  They 
appear  to  be  arranged  without  any  regularity  so  far  as  tho^ 
crystallograpbic  form  of  the  including  mineral  is  concerned. 

The  chemical  analysis  corresponds  with  the  preceding 
observations,  and  shows  that  the  mineral  is  an  isomorphia 
mixture  of  a  potassium  and  sodium  polysilicate. 

The  following  analysis  was  made  by  the  Survey,  W.  A.. 
Noyes^  professor  of  chemistry  at  the  Rose  Polytechnic  Institute^ 
Terre  Haute,  Ind.^  analyst : — 

Analysis  of  KryptoperthUe  from  Fourohe  ML 

SiO, 66.95 

AlA 17.87 

FeA 0.90 

CaO 0.52 

MgO : 0.24 

K,0 7.82 

Na,0 5.20 

HaO  (loss  on  IgnitioD) 0.30 

Total 99.80 

The  silica  appears  to  be  a  little  too  high  and  the  alumina  a 
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little  too  low,  when  compared  with  other  analyses  of  orthoclase 

rich  in  sodiam. 

When  ail  the  facts  mentioned  above  are  taken  into  con« 

'siderationi  it  is  evident  that  the  feldspar  is  a  sodium  orthoclase 

and  is  very  similar  to,  if  not  identical  with,  Brogger's  kryptoperih^ 

He  (Syenitpegmatitgaoge,     p.    524),   althoagh    the  amount  of 

8oda  is  somewhat  less  than  is  usually  found  in  this.       For  the 

"Bake  of  comparison  the  following  analyses  from  Brogger's  work 

•are  quoted : — 

Analyaea  of  Feldspars. 


CONSTITUENTS. 

I. 

II. 

ni. 

Fourehe  Mt 

Frodrilu- 
Taro. 

LauTYik. 

81o« 

66.96 
17.87 
0.90 
0.52 
0.24 
7.82 
5.20 
0.80 

66.66 

18.77 

15.90 

^IfCrg... .•.....«•„.,., ,.„.,...,...  „„.,,«» 

Fe.Oa - 

19.46 
0.44 

MgO „ 

0.87 

0.28 

K,0 „ 

Lost  on  ignition 

7.68 
€.54 

€.55 

6.14 
0.12 

Total 

99.80 

99.44 

98.90 

I.    Feldspar  from  Fourche  Mt.,  Arkansas— Anal,  by  W.  A.  Noyes. 

n.  Kryptoperthite  from  Fredriksvarn,  Norway-^ Anal,  by  G. 
Flink. 

in.  Kryptoperthite  from  Laurvik,  Norway  (in  green  eleolite)— 
Anal,  by  Q.  G.  Gmelin. 

The  agreement  of  these  various  specimens  is  sufficiently 
Kslose  to  establish  their  identity. 

Plagioclaae  seems  to  be  entirely  wanting,  as  no  crystal  of  it 
"has  beed  observed  in  any  of  the  fifty  or  more  sections  of  this 
•rock  which  were  examined. 

Qaartz  does  not  appear  in  this  rock. 

The  dark  colored  minerals  which  occur  in  this  rock  are 
usually  collected  together  in  small  groups,  and  it  is  only  very 
seldom,  that  single  crystals  are  found  scattered  amoug  the  ortho- 
•olase  individuals.  These  basic  silicates  are  naturally  all  idiomor- 
phic  with  regard   to  the  younger  light  colored  silicates,  but 
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among  themselves  they  show  peculiar  iotergrowths.  Of  the 
three^  biotite  is  evidently  the  oldest,  as  each  of  the  others  in 
tarn  snrroand  it.  Hornblende  comes  next  in  prder,  and  the 
pyroxene  is  the  youngest. 

BiotUe  (black  mica)  is  of  a  black  color,  and  occasionally 
shows  an  apparently  hexagonal  form,  but  it  is  more  often  found 
in  irregularly  bounded  plates.  It  is  especially  distinguished  by 
its  perfect  cleavage  parallel  to  the  base  (001).  In  some  of  the 
darker  varieties  of  the  blue  granite  (pulaskite),  it  shows  a 
peculiar  bronzy  lustre,  which  makes  it  very  conspicuous  ^^ 
especially  in  a  polished  surface.  In  such  cases  it  is  quite  brittle 
and  filled  with  innumerable  inclusions  of  other  minerals,  prin- 
cipally apatite  and  feldspar,  in  irregular  grains. 

In  thin  sections,  the  biotite  usually  appears  as  irregularly 
bounded  pieces  of  a  reddish  brown  to  a  dark  brown  color,  show- 
ing very  strong  pleochroism  with  the  usual  absorption.  The 
plane  of  extinction  appears  to  be  very  nearly  at  right  angles  to 
the  cleavage- planes.  The  crystals  are  sometimes  scattered 
irregularly  through  the  section,  but  are  more  often  clustered 
together  with  the  other  basic  silicates  into  small  nests  or  groups, 
indicating  a  secondary  character  for  some  of  them. 

Plates  parallel  to  the  base  (001)  (cleavage-plates)  show  in 
convergent  light  that  the  mineral  is  almost  uniaxial.  The  axial 
angle  seldom  if  ever  exceeds  four  degrees,  and  is  usually  found 
to  be  less.  In  all  cases  where  the  position  of  the  axes 
could  be  determined  they  were  found  to  lie  parallel  to  the 
symmetry-plane,  showing  that  the  mica  is  a  meroxene  and  not 
an  anomite.  The  character  of  the  double  refraction  is  negative^ 
and  the  dispersion  of  the  axes  and  bisectrix  is  as  usual  in  such 
micas. 

The  only  inclusions  which  have  been  observed  are  magne- 
tite and  apatite.  The  latter  is  very  common  and  often  consti- 
tutes a  good  part  of  the  plate. 

Pyroxene  occurs  in  comparatively  small,  thick,   greenish 
black  crystals,  which  are  di£Boult  of  detection  macresoopically. 
Under  the  microscope  they  appear  as  very  light  green,  or  nearly^ 
colorless  crystals,  often  idiomorphic  and  showing  the  forma 
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ooPcx)  (100),  ooPdo  (010)  and  ooP  (110),  but  also  frequently 
allotriomorphically  bounded  and  grouped  together  with  other 
individuals  into  small  aggregations. 

Under  the  microscope  the  cleavage,  in  sections  at  right 
angles  to  the  vertical  axis,  appears  as  sharp  lines  cutting  each 
other  at  approximately  87°,  and  lying  parallel  to  the  prism  faces 
<^110),  There  appears  also  in  such  sections  an  indistinct 
separation,  which  can  hardly  be  called  a  cleavage,  approximately 
parallel  to  the  orthopinacoid  (100).  In  sections  parallel  to  the 
vertical  axis  the  prismatic  cleavage  appears  in  the  form  of 
parallel  cracks,  usually  highly  inclined  to  the  surface  of  the 
sections.  Here  also  appears  a  system  of  irregular  cracks  which 
in  this  case  lie  approximately  parallel  to  the  base  (001). 

Twins  are  not  common,  but  some  crystals  have  been 
observed  which  were  made  up  of  two  individuals  twinned 
parallel  to  the  orthopinacoid  (100).  In  a  few  cases  sections  at 
right  angles  to  the  vertical  axis  of  the  crystal,  show  a  plate 
parallel  to  the  orthopinacoid  (100),  interposed  between  the  two 
^halves  of  the  inclosing  crystal. 

Observed  in  parallel  polarized  light,  the  basal  sections  show 
total  extinction,  when  the  cross-hairs  bisect  the  angles  made  by 
the  cleavage-cracks,  and  hence  lie  respectively  parallel  and 
perpendicular  to  the  symmetry-plane. 

In  the  light  colored  crystals  pleochroism  is  not  detectable^ 
-except  near  the  edge,  but  in  those  which  have  a  decided  green 
tinge,  the  pleochroism  varies  between  two  shades  of  light  green. 
The  formula  for  the  absorption  is  probably  c>a>b. 

The  position  of  the  acute  bisectrix,  in  sections  parallel  to 
the  plane  of  symmetry,  varies  somewhat  in  different  specimens. 
The  angle  which  it  makes  with  the  vertical  axis  reaches  a 
maximum  at  about  52°,  but  it  has  been  observed  in  some  sections, 
tilso  apparently  parallel  to  the  symmetry-plane;  to  be  as  small 
as  40  degrees. 

In  some  cases  a  zonal  structure  has  been  observed  where  the 
center  of  the  crystal  shows  a  greater  angle  of  extinction  than 
the  outside.  Thus  in  one  comparatively  large  crystal  (2  mm 
long)  the  central  kernel  was  extinguished  at  an  angle  of  61% 
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ivkile  the  outside  became  dark  when  an  angle  of  46°  had  been 
reached.  In  thb  case  the  central  portion  was  slightly  darker  in 
t$olor  than  the  outside.  The  reverse  of  this  is,  however,  usually 
the  case  in  this  rock,  and  it  has  generally  been  observed  that 
while  the  main  portion  of  the  crystal  is  colorless  or  nearly  so,  a 
slightly  greenish  edge  surrounds  it,  and  that  in  some  cases  this 
^ge  becomes  quite  deep  in  color.  There  is  a  marked  difference 
in  the  angles  of  extinction  measured  for  the  greenish  borders 
•and  the  lighter  interiors,  the  former  becoming  dark  at  an  angle 
of  not  more  than  8°  to  10°,  while  the  latter  show  the  normal 
extinction  angles  of  40°  to  50°.  It  is  probable  that  an  eegiritic 
border  was  formed  about  the  crystals,  by  the  action  of  the 
strongly  alkaline  magma  in  which  they  were  produced. 

It  seems  probable  from  the  foregoing  considerations,  that 
the  principal  form  of  pyroxene  found  in  this  rock,  is  diopside, 
which  has  been  altered  about  the  edge  to  an  segiritic  mineral. 

Among  the  inclusions  which  have  been  noted  are  apatite, 
magnetite,  titanite,  biotite,  and  irregularly  distributed  gas-pores, 
«ome  of  which  reach  a  diameter  of  several  tenths  of  a  millimeter. 

Amphibole  occurs  in  thick,  short  prisms,  seldom  exceeding 
1  mm  in  any  direction.  It  is  of  a  jet-black  color  and  presents  a 
black,  glistening  surface  under  the  magnifiying-glass. 

In  thin  sections  under  the  microscope  it  usually  appears  in 
Tich,  chestnut-brown,  greenish  brown,  or  dark  green  crystals, 
which  are  bounded  by  the  faces  ooP  (110),  ooPc5o  (100)  and 
c»Pcb  (010).  OP  (001)  and  some  orthodome  (mOI)  have  also  been 
observed.  The  cleavage-cracks  parallel  to  the  two  prisms  are 
very  sharply  defined,  and  show  the  usual  prism  angle  for 
•amphibole.  In  addition  to  these  two  systems  of  cleavage- 
cracks,  there  appears  another,  much  less  distinct  and  indicated 
by  but  a  few  cracks,  lying  parallel  to  the  clinopinacoid  (010). 
The  pleochroism  is  very  marked  and  is  as  follows : — 

parallel  to  b  reddish  brown  ; 

parallel  to  a  light  yellowish  brown  ; 

parallel  to  c  dark  reddish  brown ; 
mnd  the  absorption  is  expressed   by    the    formula    c>b>a. 


64  ANNUAL  BBPOBT  STATE  GEOLOGIST. 

In  other  cases  where  the  crystals  become  more  decideily- 
green  the  pleochroism  becomes : — 

parallel  to  b  deep  bluish  green  ; 

parallel  to  a  brownish  yellow ; 

parallel  to  c  yellowish  green ; 
and  the  absorption  is  b>C>a. 

In  polarized  light,  sections  at  right  angles  to  the  vertical 
axis  are  totally  extinguished  when  the  cross-hairs  bisect   the 
angles   made  by  the  prismatic  cleavage-planes.       In  sectiona 
parallel  to  the  clinopinacoid  (010)  the  angle  of  extinction   ia 
quite  large,  2(f  having  in  some  places  been  observed.    A  dark 
green  edge,  or  border,  snrrounds  many  of  the  brown  crystals^ 
but  no  difference  in  the  angle  of  extinction  between  the  center 
of  the  crystal  and  this  green  band  has  been  detected.     Borne 
of  the  brown  crystals  are  completely  free  from  such  a  border^ 
but  it  almost  always  appears  about  the  greenish  ones. 

It  is  probable  from  the  general  appearance  of  these^ 
crystals,  that  they  belong  to  that  group  of  amphibolea 
known  as  arfvedsonUe,*  but  no  chemical  tests  have  been 
attempted  in  proof  of  this  supposition.  Twin  crystals  have* 
not  been  observed. 

Among  the  inclusions  may  be  mentioned  those  whicb 
were  enumerated  as  occurring  in  pyroxene  with  the  addition 
of  that  mineral  itself.  Gas  inclusions  are  not  uncommon^ 
but  they  play  no  important  part  in  the  physiography  of  the 
crystal. 

Professor  Rosenbusch  has  informed  the  writer  that  the 
rare  and  interesting  mineral  ainigmatite  (Breithaupt)  appeara 
in  the  form  of  a  slender  needlCj  in  a  section  of  a  specimen  of 
this  rock  sent  to  him  for  inspection. 

The  peculiar  relations  which  the  three  basic  silicatea 
described  above  bear  to  each  other  deserve  a  special  men- 
tion. It  has  already  been  stated  that  these  appear,  to  a 
certain  extent,  to  replace  each  other,  so  that  where  one 
strongly  predominates  the  other  two  are  found  in  smaller 

*  Prof.  H.  Boienbuaoh  haa  klndlj  laformed  the  writer  that  he  conalderB  them  to  b« 
cloielj  allied  to  the  barkerlkiie  of  BrGgffer. 
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quantities.  This  is  carried^  in  some  cases,  to  the  almost 
complete  elimination  of  one  or  other  or  both  of  the  les^ 
important  minerals;  at  the  same  time  a  corresponding^ 
increase  in  the  amount  of  the  more  important  one  takes  place  » 

Thus  biotite  is  found  in  distinct  individuals  (usually 
rounded)  included  in  both  of  the  other  basic  silicates.  Where- 
it  occurs  iu  the  pyroxene,  it  is  occasionally  found  with  ita 
basal  cleavage  parallel  to  the  vertical  axis  of  that  mineral^ 
but  this  is  by  no  means  the  rule  and  appears  to  be  due  more  to 
accident  than  to  any  inherent  tendency  of  the  crystals  to 
arrange  themselves  in  that  order.  The  same  may  be  said  of 
amphibole  and  biotite.  In  the  case  of  the  intergrowth  of  the 
pyroxene  with  the  amphibole  it  is  evident  that  there  is  a 
distinct  tendency  for  them  to  arrange  themselves  with  par- 
allel vertical  axes  and  with  their  cleavage-planes  so  situated 
that  the  bisectrices  of  the  included  angles  fall  together. 
Thus  pyroxene  crystals  may  be  found  which  are  partially  or 
entirely  surrounded  by  amphibole  and  which,  if  they  are 
studied  in  sections  perpendicular  to  the  vertical  axis,  are 
found  to  become  dark  in  parallel  polarized  light  at  the  same 
instant  with  the  amphibole  crystals.  In  such  intergrowths, 
sections  approximately  parallel  to  the  clinopinacoid  (010) 
show  a  marked  difference  in  the  angles  of  extinction  between 
the  two  individuals  for  when  the  one  is  dark  the  other  is 
light.  There  are  many  cases  where  this  parallel  intergrowth 
has  not  taken  place  and  crystals  of  pyroxene  and  amphibole 
are  found  in  irregular  combinations.  In  every  case  the 
pyroxene  is  evidently  the  older. 

Eleolite  or  nepheline  holds  an  intermediate  position 
between  the  essential  and  the  accessory  minerals.  In 
some  specimens  it  becomes  quite  insignificant  while  in 
others  it  appears  to  play  quite  an  important  part.  It  might 
well  be  termed  a  characteristic  accessory  mineral,  which, 
when  present,  gives  a  certain  character  to  the  rock,  but  which 
when  absent,  does  not  necessitate  a  change  of  name,  nor  does  it. 
indicate  an  alteration  in  the  genetic  conditions  under  which, 
the  rock  was  formed. 

6  Gcolofinl;  VoL  U.,  1890. 
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Eleolite  never  occurs  in  this  rock  as  idiomorphic 
crystals,  bat  always  in  wedge  shaped  or  polyhedral  masses 
which  take  their  exterior  form  from  the  minerals  by  which 
they  are  surrounded.  These  masses  are  too  small  to  be 
readily  detected  by  the  naked  eye  and  only  in  very  few 
cases  do  they  reach  a  diameter  of  a  millimeter.  They  are 
generally  colorless  or  slightly  tinged  with  yellow. 

Under  the  microscope  eleolite  appears  as  a  transparent, 
colorless  substance  which  occupies  the  spaces  between  the 
feldspars  or  other  minerals  which  make  up  the  rock  and  is 
usually  bounded  by  a  triangular  or  polygonal  outline.  It 
has  also  been  frequently  observed  as  rounded  sections  in* 
eluded  in  the  large  feldspar  crystals.  These  irregular 
sections  seldom  show  a  true  cleavage  though  an  uneven 
fracture  through  them  is  not  uncommonly  observed. 

It  is  a  very  common  thing  to  find  this  mineral  altered 
to  analcite;  in  some  cases  so  complete  has  been  this 
change  that  in  many  sections  no  remnant  of  the  original 
substance  can  be  found.  In  such  cases  it  must  be  assumed 
that  eleolite  was  the  mineral  from  which  the  analcite  was 
derived,  for  as  will  be  described  later,  analcite  has  been  found 
in  associated  rocks  surrounding  an  undecomposed  mass  of 
eleolite.  Hence  it  appears  more  than  probable  that  it  is, 
in  this  case  also,  an  alteration  product  of  that  same  mineral. 

When  the  eleolite  or  nepheline  is  fresh  and  unaltered 
it  gives  a  sharp  extinction  and  shows  the  negative  character 
of  its  double  refraction  in  cases  where  a  selenite  plate  can 
be  used.  In  convergent  polarized  light  a  black  cross 
appears  but  no  rings  are  visible.  Microchemic  tests  show 
the  presence  of  gelatinous  silica  and  of  sodium. 

Brogger  (Silur.  Etagen.  p.  268)  describes  nepheline  of  a 
very  similar  form,  but  in  the  Norwegian  rocks  the  alteration 
to  analcite  appears  to  have  taken  place  in  a  much  less  marked 
degree. 

Eleolite  is  nearly  free  from  inclusions  but  contains  a 
few  needles  of  apatite  and  here  and  there  beautiful,  slender 
segirite  crystals  (see  under  secondary  segirite). 
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Sodcdite  appears  in  only  a  few  of  the  sections  and  is 
generally  nearly  filled  with  dast-like  inclusions.  It  is  for 
the  most  part  completely  altered  into  undeterminable  de- 
composition products,  which  have  a  decided  action  on  po- 
larized light.  Thesodalite  crystals  are  about  half  a  millimeter 
in  diameter  and  are  generally  bounded  by  the  other  con- 
stituents  of  the  rock,  but  in  a  few  cases  they  show  idiomor- 
phic  outlines.  Inclusions  of  magnetite,  apatite  and  the  basic 
silicates  have  been  observed. 

Titanite  is  by  far  the  most  important  and  most  common 
of  the  truly  accessory  minerals.-  It  forms  light  to  dark  yel- 
low idiomorphic  crystals  some  of  which  are  as  much  as 
1.5  mm  in  diameter  and  may  easily  be  detected  macroscopic- 
^lly  by  their  resinous  lustre  and  yellow  coUor. 

Under  the  microscope  these  are  especially  noticeable  on 
account  of  their  sharp  outlines  and  the  rough  appearance  of 
their  surfaces.  They  are  practically  free  from  inclusions 
and  are  evidently  the  first  crystals  that  were  formed.  Their 
general  characteristics  are  precisely  like  those  of  other  rock- 
forming  titanite  crystals  so  they  need  not  be  described  in 
•detail.     Twins  are  very  rare  in  this  rock. 

Apatite  comes  next  to  the  titanite  in  the  order  of  its 
formation  and  in  some  specimens  it  becomes  quite  im- 
portant on  account  of  the  quantity  present.  Its  crystals  attain, 
in  some  cases,  a  length  of  two  millimeters  and  form 
Blender  idiomorphic  prisms,  generally  truncated  at  both 
ends  by  pyramidal  faces.  The  characteristic  separation 
cracks  approximately  parallel  to  the  base  are  well  marked, 
but  the  commonly  observed  dusty  appearance  in  the  center 
of  the  crystal  is  wanting.  The  properties  of  the  mineral  are 
identical  with  those  usually  described. 

Magnetite  occurs  sparingly  in  small  idiomorphic  grains 
which  are  opaque  and  show  a  rough  surface  under  the  mi- 
croscope. They  seldom  exceed  a  tenth  of  a  millimeter  in 
•diameter  and  are  found  scattered  through  almost  all  the 
other  constituents  of  the  rock. 

Fluorite  has  been  observed  in  minute   purple  crystals 
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which  remain  dark  between  crossed  nicols  during  a 
complete  revolution  of  the  stage.  Cleavage-planes  parallel 
to  O  (111)  are  visible.  The  purple  coloring  matter  appears, 
to  be  unevenly  distributed  through  the  crystal  but  no  optic 
irregularities  have  been  detected. 

Secondary  cegirite  appears  in  the  form  of  very  minute 
slender  prisms  showing  the  pinacoid  and  prism  faces.  Under 
the  microscope  it  appears  of  a  bright  green  color  and  shows 
an  extinction  angle  in  sections  parallel  to  the  clinopinacoid 
(010)  of  not  more  than  two  degrees.  The  pleochroism  is 
strong.  These  minute  needles  show  a  remarkably  '  dark 
band  about  all  the  edges  which  is  due  to  the  total  refraction 
of  the  light.  The  extinction  angle  is  so  small  that  it  is 
often  almost  impossible  to  measure  it  and  the  crystals  ap- 
pear like  epidote  needles.  It  is  seen,  however,  from  the  sec^ 
tions  at  right  angles  to  the  longest  diameter  that  the  crystals, 
belong  to  the  pyroxene  and  not  to  the  epidote  group. 
These  crystals  are  usually  radially  arranged  about  a  corner 
of  an  amphibole  crystal  or  about  a  magnetite  grain.  They 
are  also  found  scattered  singly  through  some  of  the  light 
colored  components  of  the  rock  and  are  especially  frequent 
in  the  eleolite  (nepheline).  It  is  evident  from  their  mode  of 
occurrence  that  they  are  of  secondary  origin. 

Analciiey  which  has  already  been  mentioned  under  the 
head  of  eleolite  or  nepheline,  plays  an  important  part  in  the 
microphysiography  of  many  specimeds  of  the  rock  under 
consideration. 

It  usually  occurs  in  the  same  form  that  the  eleolite  had 
before  it  but  occasionally  extends  beyond  that  border  inta 
the  feldspar  crystals  which  bounded  the  original  eleolite.  It 
appears  as  if  it  had  taken  some  of  its  material  from  the  feld- 
spar and  had  grown  at  its  expense.  In  the  majority  of  cases 
it  appears  under  the  microscope  to  be  of  a  slightly  pinkish 
or  brownish  color;  it  is  not  wholly  transparent  but  pre- 
sents  a  slightly  dusty  appearance.  Between  crossed  nicols 
it  appears  perfectly  dark,  so  far  as  transmitted  light  is  con- 
cerned,  but  has  a  slightly  pinkish  or  yellowish  appearance 
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vbich  is  doe  to  reflected  light.  Its  index  of  refraction  is  low 
and  its  surface  shows  no  relief.  Bach  crystals  can  with 
difficulty  be  distinguished  from  sodalite.  In  some  cases 
the  analcite  shows  a  weak  double  refraction  between  crossed 
nicols^  and  in  such  cases  these  anomalies  can  be  brought 
out  very  much  more  distinctly  by  the  use  of  a  selenite  plate. 
The  crystals  which  show  these  optic  anomalies  to  the  best 
advantage  are  at  the  same  time  the  clearest  and  lightest  in 
<!olor.  Cleavage-cracks  at  right  angles  to  each  other  have 
been  observed  but,  owing  to  lack  of  external  form,  these 
€ould  not  be  identified  as  being  parallel  to  any  particular 
faces  of  the  crystals. 

Quartz  and  zircon  are  entirely  wanting.  In  order  to  be 
sure  that  the  tatter  was  not  overlooked  a  quantity  of  the 
somewhat  decomposed  rock  was  washed  in  a  '^  batea ''  or 
Brazilian  mining  pan.*  The  residue,  after  having  been 
freed  from  magnetite,  was  examined  under  the  microscope 
but  without  disclosing  any  rare  minerals. 

It  is  evident  from  the  fractured  appearance  of  certain 
of  the  minerals  in  some  specimens  pf  this  rock,  that  they 
were  subjected  to  a  good  deal  of  crushing  before  the  rock 
solidified.  Thus  in  a  dark  colored  specimen  of  rock  from 
the  top  of  the  Fourche  Mountain  ridge,  long  biotites  are 
found  which  have  been  broken  through  at  right  angles  to 
their  cleavage-planes  and  the  fragments  thus  formed  have 
been  separated  from  each  other  and  in  some  cases  pressed 
out  of  line.  The  spaces  between  the  sections  have  been 
filled  with  feldspathic  material. 

From  the  foregoing  description  it  will  be  seen  that  the 
pulaskite  is  an  eleolitic  (nephelinitic)  syenite,  in  which 
amphibole  usually  predominates  among  the  basic  silicates, 
and  pyroxene  and  biotite  are  present  in  small  quantities. 
Although  generally  somewhat  finer  grained  than  Brogger's 
iaurmkiUf  and  while  differing  from  it  in  the  shape  of  its  feld- 

*  For  the  use  of  this  lastrument,  as  applied  to  the  detection  of  rock-makiog  minerala 
liaTlng  »  high  spedBc  gnrity ,  see  O.  A.  Derby's  paper  read  at  the  Indianapolis  Meeting  of  tho 
Am.  Assoc,  for  the  AdvAncement  of  Science.    (Proc.  A.  A.  A.  S.,  Vol.  XXXIX,  1891.) 
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spars,  it  certainly  bears  a  very  close  relation  to  that  aniqu^ 
form  of  syenite.  That  this  likeness  between  the  two  rocka 
is  not  only  mineralogic  and  strnctaral,  bnt  also  chemical^ 
is  shown  by  the  following  analyses : — 

AncUysea  of  pulaskite  and  laurvikUe* 


I. 

II. 

ni. 

C0NSTITUBNT8. 

PULASKITK. 

Laubvixitk. 

Fourche 
Mountain. 

Same  ■lightly 
weathered. 

Norway. 

Blw2*»** ******  *•••••■*■• 

AUOi 

60.08 
20.76 
4.01 
0.75 
2.62 
0.80 
trace 
6.48 
5.96 
0.59 
0.07 

60.68 
18.77 

3.40 

0.45 

2.71 

0.93 
trace 

5.72 
not  determined 

0.97 
not  determined 

58.83 
20.80 

jf^JfXJt  ...•••«..    »••#•.. 

3.63 

2.58(*) 

f*»f\ 

3.03 

MbO    

0.79 

^~t»^  •••••' 

• 

KaO.„ 

4.50  (t) 

HaO  (IgniUon) — 
PaO-  

6.73  (t) 

l.Ol 

0.54 

•   Totftl.  ..••••••. 

101.07 

100.99 

01  and  SOa  are  wanting. 

I.  Light  colored  pulaskite  from  Fourche  Mountain.  Analysis  by 
B.  N.  Brackett  and  J.  P.  Smith. 

n.  Same,  slightly  weathered.  Partial  analysis  by  B.  N.  Brackett 
and  J.  P.  Smith. 

III.  Laurvikite,  light  gray,  from  Byskoven,  Laurvlk,  Norway^ 
Mean  of  analyses  by  Stahl  and  Mannsfeld.} 

^  FeO  in  analysia  III  includes  some  MdO. 

t  Analysis  III  is  a  mean  of  analyses  by  Stahl,  Mannsfeld,  and  a  potassiam  deter^ 
mined  by  Oahn.    The  separate  analyses  of  the  alkalies  were  as  follows  :— 

K20.  Ka»0. 

SUhl 4.80  6.46 

Mannsfeld 4.60  5.73  (number  tMed), 

Cahn..« 4.05 

Mean 4.50  {number  uted)    6.09 

Xk  Merian,  Studien  an  gesteinsbildenen  Pyrozeoeu,  N.  Jahrb.  f.  Mineral.,  BeilagebaD^ 
lU.,  1884,  p.  266. 
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The  occurreDce  of  the  pulaskite  id  a  wide  dike-like  mass 
when  taken  in  connection  with  its  tracbytic,  semi-porphyritic 
structure  places  it  among  the  intrusive  dikes  and  not  with 
the  truly  abyssal  rocks.  In  this  respect  this  rock  differs  not 
only  from  the  laurvikite  but  from  the  augite  and  eleolite  syenites 
as  well. 

SegregaJtion  veins, — ^These  occur  in  the  pulaskite  and  have 
already  been  mentioned  on  page  20.  They  consist  principally  of 
large  tabular  feldspar  crystals  which  often  attain  a  length  of  more 
than  26  mm.  These  are  thiui  tabular^  parallel  to  the  olinopinacoid 
(010),  and  are  frequently  twinned  according  to  the  Carlsbad  law. 
The  faces  which  have  been  observed  are  as  follows :  ooP<k> 
(010)  ;  ooP  ^  (180) ;  ooP  (110) ;  OP  (001)  ;  +Pcx)  (101)  and  +P 
(111).  The  crystals  are  white  and  opaque  and  are  often  much 
etched  on  the  surface. 

^girite  appears  in  black  prisms  often  10  to  12  mm  in 
length.  The  feldspars  are  generally  so  arranged  as  to  leave 
large  interstitial  spaces,  which  are  occasionally  filled  with  de- 
composed masses  of  limonite  and  are  not  uncommonly  stained 
black  by  manganese. 

In  one  specimen  given  the  writer  by  Dr.  W.  P.  Jenny  of  the 
U.  S.  Geological  Survey,  the  crystals  of  feldspar  were  coated  with 
an  incrustation  of  hyalite.  This  mineral  appears  in  the  form  of  a 
thin  coating  of  amorphous  substance  which  in  many  places  forms 
minute  globules  seldom  exceeding  0.5  mm  in  diameter.  Under 
the  microscope  these  globules  appear  isotropic  and  seldom,  if 
ever,  show  a  tendency  toward  optic  activity.  The  hyalite  gives- 
an  opalescent  appearance  to  the  surface  of  the  feldspar  and  when> 
colored  with  limonite  or  manganese  oxides,  as  it  often  is,  it 
impartA  a  dark  vitreous  lustre  to  the  surface  upon  which  it 
occurs. 

That  these  veins  are  segregations  and  not  pegmatitio 
intrusions,  is  shown  by  the  fact  that  they  are  often  very  limited 
in  extent  and  are  entirely  surrounded  by  the  blue  granite 
(pulaskite). 

B.      QtTSLj  Granite  (Eleolite  Syenite). 
That  rock  which  forms  the  large   flat  masses,  described  as 
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occurring  at  the  base  and  for  a  short  distance  ap  the  sides  of  the 
hills  is  knewn  by  the  name  ''gray  granite/'  It  has  as  yet  been 
qaarried  to  but  a  small  extent^  and  has  been  used  principally  in 
trimmings  for  buildings.  Owing  to  its  lighter  color  and  inferior 
€trength|  it  has  not  become  as  popular  a  building  stone  as  the 
blue  granite  (pulaskite).  The  Braddook  quarry  (see  plate  10)  has 
lately  been  opened  near  the  turnpike  on  the  northwest  side  of 
Allis  Mountain,  and  some  fresher,  better  stone,  than  that  found 
•elsewhere  has  been  taken  out.  The  opening  is  as  yet  only  six  or 
(fieven  feet  (1.8  to  2.1  m)  deep,  and,  if  on  going  deeper  the  stone 
IS  found  to  continue  to  improve,  it  will  certainly  form  a  very 
beautiful  and  durable  building  stone.  It  often  shows  a  decidedly 
gneissic  structure  and  in  many  cases  may  bequarr\pd  in  large  flat 
slabs  several  square  yards  (meters)  in  area  in  much  the  same  way 
that  a  free  splitting  gneiss  or  mica-schist  is  worked.  This 
structure  facilitates  the  working  of  the  rock  in  a  great  degree  and 
makes  the  stone  a  comparatively  cheap  building  and  paving 
material. 

a.    Physical  Properties. 

Structure, — The  gray  rock  is  easily  distinguished  from  the 
blue  rock,  not  only  by  its  color,  but  by  its  very  different  texture. 
While  the  blue  rock  is  semi-porphyritic  in  its  structure,  this 
rock  is  completely  granular  and  has  a  trachytic  structure. 

This  structure  may  be  seen  by  an  inspection  of  plate  1 
(frontispiece),  where  an  exact  reproduction  of  a  polished  surfiice 
of  this  rock*  is  shown. 

In  most  cases  the  rock  consists  of  large  individual  crystals, 
but  it  also  frequently  occurs  as  a  fine-grained  rock,  still  preserving, 
however,  the  same  characteristic  granular  structure.  The  feld- 
spar and  mica  are  both  conspicuous  in  this  rock  and  the  eleolite 
also  forms  a  prominent  feature.  The  feldspar  is  dull  and  cleaves 
easily  in  two  directions,  so  that  the  appearance  of  a  broken  piece 
of  the  rock  is  very  rough. 

As  has  been  stated,  this  rock  usually  forms  hugh  flat 
surfaces  (see  plate  7,  p.  29),  which  seldom  show  cracks  in  any 
direction  so  that  it  would  be  possible  to  obtain  blocks  of  almost 

*  The  ■paoimen  shown  !■  the  fresh  rock  from  Braddock's  quany. 


FOUBOHE  MOUNTAIN  BOOK  — GRAY  OBANITE.  73 

«ii7  siae  (torn  some  of  them.  On  weathering  it  simply  crambles 
«waf  on  the  sur&ce  but  does  not  break  up  into  blocks  as  does 
the  blue  rock. 

Color. — The  color  of  this  rock  is  a  light  gray,  possessing  in 
^OHM-  specimens  a  reddish  and  in  others  a  yellowish  hue.  This 
-  light  color  is  very  characteristic,  and  wherever  it  appears  it  is 
an  indication  that  this  eleolite  (nepheline)  syenite  is  present. 
Where  the  rook  becomes  finer  grained,,  the  color  becomes  darker 
and  gradually  shades  into  a  brown ;  a  transition  which  is  due  to 
the  numerous  small  flakes  of  mica  which  often  cover  up  much 
of  the  feldspar.  When  the  fresher  material  from  the  bottom  of 
the  Braddock  quarry  was  examined  it  was  found  to  show 
a  slightly  bluish  color,  especially  in  the  center  of  the  feld- 
spar crystals.  These  crystals  show  that  the  usuali  extremely 
white  color  of  the  feldspars  is  due  to  weathering. 

Strength, — A  cube  of  this  rock  was  tested  in  the  same  way 
as  the  blue  rock  and  gave  the  following  result : — 

Pressure*  per  square  inch  under  which  cube 

crumbled 14,000  lbs 

Corresponding  pressure  in  two  inch  cube  cal- 
culated by  cubic  parabola  formula 16,000    '^ 

It  appears  from  this  that,  although  the  strength  is  much 
inferior  to  that  of  the  blue  rock,  it  is  still  fully  as  strong  as 
many  true  granites  and  is  quite  strong  enough  for  all  building 
purposes,  f  The  rock  is  much  softer  than  the  blue  rock  and 
it  18  worked  much  more  easily. 

Absorption.— This  was  determined  in  the  same  way  that  it 
was  for  the  various  kinds  of  blue  granite  (pulaskite);  it  gave 
Che  following  result  after  twenty-four  hours  immersion  : — 

Ratio  of  absorption =1 :  145. 
This  specimen  which  weighed  11.6  gr  was  allowed  to  dry  in  the 
air  for  twenty-four  hours  and  was  found  to  have  given   up 
fifteen-sixteenths  of  its  absorbed  water  at  the  end  of  that  time. 

*  This  tMt,  like  tboM  on  th«  blue  rock,  was  made  upon  a  cube  lest  than  two  iDchet  on 
«B  edge.    The  figures  obtained  from  the  tests  before  reduction  are  as  follows  :— 

Area  orer  which  pressure  was  distributed 2  »q.  in. 

Actual  pressure  under  which  cube  tested  crumbled...  28,000  lbs. 
t  At  the  time  that  these  tests  were  made  the  fresher  rock  mentioned  above  bad  no 
iwen  quarried. 
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Specific  gravity. — Id  combination  with  the  absorption  test^ 
a  determination  of  the  specific  gravity  of  this  rock  was  made 
and  gave  the  following  result : — 

Specific  gravity =2.557 

Weight  per  cvAiofoot. — The  weight  per  cubic  foot  was  found 
from  the  above  to  be  159.8  pounds. 

Effect  of  heat. — When  heated  in  the  same  way  as  the  blue 
granite  (puiaskite)  it  showed  slightly  more  deterioration  thaa 
the  latter  at  the  same  temperatures. 

b.     Orystallographic,  Microscopic  and  Chemical  Investigation^ 

Structure. — Under  the  microscope  the  trachytic  character  of 
the  eleolite  syenite  (gray  granite)  appears  very  distinctly  and^ 
the  structure  is  completely   hypidiomorphic   granular.      This 
rock  often  shows  a   miarolitic  structure  in   which    the   small 
cavities  are  bounded  by  feldspar  and  mica  and  contain  zeolites,. 

Feldspar  as  in  the  preceeding  rock  is  by  far  the  most 
important  constituent.  It  appears  in  crystals  which  are  tabular 
parallel  to  the  branchy  pi  nacoid  (010)  and  often  reach  a  large  size. 
Individuals  not  less  than  75  mm  occasionally  occur  but  in 
general  they  do  not  exceed  15  to  25  mm  in  their  greatest 
diameter. 

These  crystals  are  usually  opaque,  with  a  dull  white,   or 
slightly  pinkish  or  yellowish  color.     There  is  a  slight  reflection 
of  light  from  the  basal  cleavage-plane,  but  in  general  all  the  faces, 
present  a  dull  appearance.      Twins  according  to  the  Carlsbad 
law,   are  very  common — in  fact  single  crystals  are  much  rarer 
than  twins.     Two  other  cleavage-planes,  besides  that  parallel  to 
the  base  (001),  have  been  observed.      Oae  of  them  is  parallel  to. 
the  brachypinacoid  (010),  while  the  other  appears  to  be  parallel 
to  the  macrodome  +8^^  (801).    The  crystals  break  easily  into 
small  parallepipedons,  whose  faces  correspond  to  the  cleavage- 
planes  just  mentioned.     The  angles  of  these  cleavage-pieces  were- 
kindly  measured  by  Prof.  J.  F.  Kemp  of  Cornell  University. 

Kemp  found  the  reflections  poor,  but  obtained  as  a  mean  of~ 

several  readings  the  following  angles : — 

010  :  001  (-Jf :  P) 89°  82' 

001  :  801 71  26 
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This  indicates  the  tricliDic  form  of  the  mineral  and  at  the 
same  time  shows  a  cleavage  similar  to  that  found  in  orthoclase 
and  sanidine  and  described  for  those  minerals  by  Cross,  Levy^ 
Graeffy  von  Jeremejew,  Brogger  *  and  others. 

The  angle  of  7QP  26'  approaches  somewhat  nearer  to  the 
angle  of  the  macrodome  +9Pob  (901)  than  it  does  to  that  of 
+8Pdb  (801),  but  this  may  be  due  to  the  poor  reflections  on  the 
macrodome. 

Under  the  microscope  this  mineral  usually  appears  quite 
opaque  and  even  in  very  thin  sections  it  is  only  semi-translucent. 
It  shows  very  distinct  cleavage-cracks  in  directions  parallel  ta 
the  base  (001)  and  brachypinacoid  (010),  and  very  much  lesa 
perfect  ones  in  the  direction  parallel  to  the  above  mentioned 
macrodome  (801). 

In  polarized  light  the  crystals  show  an  extinction  whicb^ 
although  by  no  means  sharp,*  is  evidently  not  parallel  to  the 
M :  P  edge  in  plates  parallel  to   OP  (001).     An  angle  of +9°  wa» 
measured   on  a  cleavage-plate  which  was  thin  enough  on  the 
edge  to  show  a  comparatively  sharp  extinction. 

In  very  few  cases  do  the  crystals  appear  to  be  single  in-» 
dividuals.  In  the  first  place  they  are  almost  always  twinned 
according  to  the  Carlsbad  law,  and  in  the  second  place  they  are 
completely  filled  with  twinning  lamellie,  giving  them  a  very^ 
perfect  microperthitic  structure.  These  lamellae  do  not  rui> 
completely  through  the  crystal,  as  in  the  case  of  plagioclase,  but 
appear  as  wedged-shaped  bands  which  narrow  to  a  point  before 
passing  more  than  halfway  through -the  crystal. 

It  is  evident  from  the  appearance  of  the  crystals  that  decom-^ 
position  has  taken  place  in  a  very  marked  degree.  In  many 
cases  the  rock  as  a  whole  has  become  very  much  kaolinized  and 
finally  breaks  down  to  a  true  kaolin  as  will  appear  later.  It  is. 
evident  that  the  decomposition  of  the  rock  is  due  in  a  great 
measure  to  the  weathering  of  the  feldspar  and  eleolite. 

An  analysis  of  a  portion  of  one  of  these  feldspar  crystals  wae 

^  For  the  r«ler«ncQi  to  the  works  of  these  natbors  see  Brdgger's  SyeDitpecmaUtgftnge  ». 
p.  686. 
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made  by  the  Sarvey,  W.  A.  Noyes,  analyst,  with  the  following 
4%9alt8  2— 

Analysis  of  mierocUner-mieroperihite. 

SiO, 66.39 

AljOs 18.13 

FeA 1.44 

CaO 0.16 

MgO 0.06 

KaO- 8.51 

NajO 5.36 

Ignition 0.42 

Total 100.47 

From  its  chemical  composition,  crystal lographic  form  and 
"microscopic  structure  this  feldspar  is  evidently  closely  allied 
to  the  miorooline-mioroperihite  of  Brogger  (Syenitpegmatit- 
gange,  p.  556).  Its  chemical  composition  shows  a  remarkable 
€imilarity  with  the  kryptoperthite  described  on  page  59.  The 
almost  complete  absence  of  lime  shows  that  no  admixture  of  a 
«oda-lime  feldspar  is  possible  and  indicates  that  the  soda  must 
4iU  be  present  in  the  form  of  albite. 

EleolUe  becomes  in  the  gray  granite  one  of  the .  essential 
'minerals  and  in  many  cases  forms  as  much  as  a  fourth  of  the 
whole  mass  of  the  rock.  The  crystals  appear  to  be  always 
^bounded  by  the  feldspars  and  therefore  never  show  idiomorphic 
forms.  They  are  of  a  brownish  yellow,  or  lemon  yellow  color 
and  present  on  broken  surfaces  the  characteristic  greasy  lustre, 
which  gave  the  mineral  its  name.  In  some  cases  the  eleolite 
including  its  decomposition  product  analcite,  occupies  spaces  not 
less  than  10  mm  in  length.  It  often  takes  the  form  of  a  thin, 
'flat  plate  and  lies  along  the  side  of  a  feldspar  crystal,  occupying 
the  space  between  it  and  some  other  crystal  or  group  of  crystals. 

Under  the  microscope  the  eleolite  shows  its  usual  character- 
istics.    Its  allotriomorphic  form  is  everywhere  observed  and  the 
•peculiar  triangular  and  polygonal  sections  are  very  characteristic. 
Irregular  cleavage-planes  are  observable.  Its  double  refractioq  is, 
4n  general,  somewhat  stronger  than  it  was  in  the  case  of  the  pre- 


FOURCHE  MOUNTAIN  ROOK— GRAY  GRANITE.  77 

ceding  rock.  In  convergent  polarized  light  a  wide^  black  *crop» 
appears  in  sections  which  are  cut  nearly  at  right  angles  with  the 
principal  axis.  By  means  of  a  quarter-undulation  mica  plate 
the  character  of  the  double  refraction  was  determined  to  be 
negative.  The  eleolite  has  in  many  cases  been  completely 
altered  to  analcite,  but  as  this  mineral,  like  the  former,  is  clear 
and  transparent  the  spaces  occupied  by  them  together  are  easily 
distinguished  from  the  white,  nearly  opaque  feldspars. 

The  eleolite  is  comparatively  free  from  inclusions  of  all 
kinds  but  segirite  and  some  of  the  other  basic  silicates  appear'  in 
it  in  small  quantities.  Gas  and  liquid  inclusions  are  seldom 
observed.  Unaltered  eleolite  is  comparatively  rare  and  appears 
only  as  a  central  kernel  surrounded  by  analcite. 

Quartz  tiud  plagiodase  are  entirely  wanting. 

Under  the  head  of  basic  silicates  biotite  and  augite  are  the 
only  ones  present  in  any  quantity,  while  amphibole  is  almost, 
or  completely  wanting. 

Biotite  is  much  the  more  common  of  the  two  silicates 
mentioned  and  often  occurs  in  large  crystals.  These  fre- 
quently attain  a  diameter  of  20  to  25  mm  and  are  often  as 
much  as  3  mm  in  thickness.  They  form  six-sided  plates  or 
prisms  and  are  of  a  deep  brown  or  black  color.  Their  cleavage 
is  very  perfect  but  in  some  cases  where  decomposition  has  begun 
they  have  lost  their  elasticity  and  at  the  same  time  have  become 
brittle.  Under  the  microscope  they  show  the  usual  characteristics 
of  biotite.  The  optic  axis  angle  is  about  3°  and  the  optic  axes 
lie  in  the  symmetry  plane,  showing  that  the  mica  is  a  true 
meroxene  and  not  an  anomite.     Inclusions  are  rare. 

Pyroxenic  mineraU. — ^Under  this  head  are  included  two 
forms  of  pyroxene,  namely,  diopside,  frequently  with  a  diallage- 
like  structare,  and  segirite.  The  diopside  is  in  size,  color,, 
pleochroism  and  in  fact  in  most  essential  respects  identical 
with  that  found  in  the  purlaskite  (p.  68)  but  differs  slightly 
from  it  in  that  it  has  a  darker  and  wider,  green  »giritic 
border.  The  extinction  angle  was  found  in  one  crystal  to  be  6^ 
for  the  outside  and  44^  for  the  inside.  .^!ffirite  klso  occurs 
TndepencTently  iuTarge  brystals  some  ofwhich  are  as'much  as  & 
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mm  long  and  2  mm  in  the  direction  of  their  ortho-axes.  These 
crystals  are  of  a  brilliant  lustre  and  a  greenish  black  color  and 
are  bounded  by  the  prisms  (110)  and  the  orthopinacoid  (100). 
The  ends  appear  rough  and  *show  no  truncations.  The  angle  of 
extinction  was  determined  in  a  section  cut  parallel  to  the  clino- 
pinacoid  (010)  and  was  found  to  be  4^30\  The  pleochroism  is 
not  very  marked  but  varies  between  different  shades  of  bluish 
green.  The  absorption  is  greatest  parallel  to  the  vertical  axis. 
<i>b>C  (a  lies  nearly  parallel  to  c).*  The  distribution  of  color 
i9  not  uniform  throughout  the  crystal  being  more  intense  in 
4some  parts  than  in  others. 

Of  the  minerals  just  described  the  biotite  is  evidently  the 
oldest,  for  it  often  appears  completely  surrounded  by  the  segirite 
and  in  some  cases  by  the  diopside. 

Amphibole  is  entirely  wanting  in  such  sections  of  this  rock 
as  have  been  examined. 

TUanite  occurs  in  large  idiomorphic  crystals  which  in  some 
•cases  attain  a  diameter  of  2  mm.  It  exhibits  the  usual  macro- 
scopic and  microscopic  characteristics. 

Magnetite  occurs  in  small  crystals  which  often  have  the  form 
of  slender  rods  whose  length  is  several  times  their  breadth. 

Apatite  occurs  in  small  prisms  slightly  stouter  than  usual, 
hut  it  is  much  less  common  than  in  the  pulaskite.  It  is  included 
in  the  feldspar  and  eleolite  (or  its  decomposition  products)  and  is 
easily  recognized  by  its  parallel  extinctioui  negative  double 
refraction  and  relatively  high  index  of  refraction. 

FhiorUe  appears  in  a  few  sections ;  it  is  of  a  purple  color  and 
perfectly  isotropic. 

Analcite  has  already  been  mentioned  under  the  head  of 
•eleolite  as  being  one  of  the  more  important  decomposition 
products  found  in  this  rock.  It  occurs  in  large,  oleari  colorless 
or  slightly  yellowish  masses  which  seldom  show  any  crystal  form. 
In  a  few  cases  however  the  form  of  the  cube  (100)  and  the 
icositetrahedron  (211)  have  been  clearly  distinguished  and  their 
angles  measured.  The  cleavage  parallel  to  the  faces  of  the  cube 
is  generally  visible. 

«  H.  Rosenbaach,  Mikrosk.  Physlogisphle.    Band  I.,  p.  464,  note. 
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Id  thin  sections  the  crystals  appear  as  colorless,  transparent 
individDals  included  between  the  opaque  feldspars.  In  most  cases 
these  clear  portions  are  bounded  by  straight  lines,  but  instances 
are  not  few  in  number  in  which  the  analcite  has  been  formed  at 
the  expense  of  the  feldspar  material,  and  in  such  cases  the 
boundary  between  the  two  minerals  is  very  irregular.  The 
analcite  appears  to  have  eaten  into  the  feldspar  wherever  it 
could  get  a  chance,  and  many  feldspars  may  be  found  whose 
tenters  have  become  almost  entirely  changed  into  analcite,  while 
others  have  been  eaten  away  on  one  side,  the  rest  remaining 
intact.  Small  pieces  of  analcite  have  been  detached  and  tested 
in  various  ways.  They  gelatinize  easily  with  hydrochloric  acid, 
and  show  cubes  of  salt  under  the  microscope  when  the  solution  is 
evaporated  to  dryness.  When  heated  in  a  closed  tube  a  quantity 
of  water  is  given  off.  Tests  for  chlorine  and  sulphuric  acid 
gave  negative  results,  so  that  it  is  evident  that  sodalite  and 
haiiyne  or  nosean  are  not  present. 

In  parallel  polarized  light  the  analcite  is  either  perfectly 
isotropic  or  shows  only  very  weak  double  refraction.  By 
means  of  a  selenite  plate  this  double  refraction  is  shown  to  be 
irregularly  distributed  throughout  the  section,  and  the  appear- 
ance is  exactly  that  which  is  usually  found  in  analcite  crystals 
out  at  random. 

A  section  cut  parallel  to  a  face  of  the  cube  (100)  showed 
the  presence  of  four  sectors ;  one  pair  of  diametrically  opposite 
sectors  when  examined  under  the  microscope  with  a  selenite 
plate  appeared  yellow,  while  the  other  pair  appeared  blue. 

Small  needles  of  segirite  of  a  second  generation  often  occur 
scattered  through  the  analcites.  The  primary  apatites  of  the 
rock  are  also  usually  quite  plentiful  as  inclusions,  but  with  these 
two  exceptions  the  mineral  in  question  is  quite  free  from  interpo- 
sitions of  foreign  material. 

In  a  few  cases  a  second  decomposition  has  taken  place,  and 
radiate  needles  are  found  inside  of  the  analcite  crystals.  These 
appear,  from  their  parallel  extinction,  negative  character, 
strength  of  their  double  refraction  and  their  association  with 
analcite  to  be  cancrinite.     They  are  extremely  minute,  being  at 
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the   most   not  over  one  tenth  of  a   millimeter   in    length  audi 
not  exceeding  two  handredths   of  a  millimeter    in    thickness^ 

Thomaoniie  has  been  observed  in  direct  association  with  the 
analcite  as  a  decomposition  product  of  the  nephelineand  feldspar^ 
It  occurs  in  well  bounded  crystals  when  it  extends  in  cavities  in 
the  rock,  but  it  is  usually  found  without  crystal lographic  termina- 
tions. It  differs  from  analcite  in  showing  a  cleavage  in  only  twa 
directions  at  right  angles  to  each  other,  instead  of  in  three,  and 
in  being  decidedly  anisotropic.  The  plane  of  the  optic  axes  was 
found  in  one  of  the  well  terminated  crystals  to  lie  parallel  to  the 
base  (001).  The  cleavage  parallel  to  the  pinacoids  (100  and 
010)  was  good  and  the  surface  showed  a  mother-of-pearl  lustre^ 
A  microchemic  test  showed  the  presence  of  lime  and  soda^ 
The  mineral  was  decomposed  by  hydrochloric  acid,  with  the 
separation  of  gelatinous  silica. 

Secondary  cegirite  occurs  in  small  prisms  as  mentioned 
under  analcite.  They  are  often  grouped  into  radiate  masses  and 
lose  their  individual  forms,  but  when  they  occur  as  single,  iso- 
lated crystals  they  are  very  perfect  and  show  the  forms  coP^ 
(110)  and  ooPob  (100)  very  sharply  defined.  The  cleavage 
parallel  to  ooP  (110)  is  very  distinct.  The  extinction  appears  to  be 
nearly  parallel  to  the  vertical  axis  and  the  small  angle  of 
extinction  is  difficult  of  measurement  in  such  minute  crystals.^ 

CalcUe  and  kaolin  are  found  in  cases  where  the  decomposi- 
tion has  gone  very  far.  It  is  to  the  kaolinization  of  the  feld- 
spathic  minerals  in  this  rock  that  the  large  beds  of  kaolin  found 
south  of  Fourche  Mountain  are  due.f 

From  a  chemical  standpoint  the  eleolite  syenite  (gra^ 
granite)  is  considerably  more  acid  thau  would  be  expected,  when 
the  facts  that  eleolite  is  present  in  large  quantities  and  that  the 
rock  contains  no  quartz,  are  taken  into  consideration.  Itoontaina 
eight  per  cent  more  silica  than  Brogger's  laurdalite  (Syenit- 
pegmatitgange,  p.  38),  which  it  resembles  in  so  many  other  re- 
spects. The  total  amount  of  alkalies  present  is  about  the  same  as 
in  the  Norwegian  rock,   but  they  are  not  similarly  divided,  the 

-  I  ■  -  .  m   .  ...    I       ■  » 

*  Compare  F.  F.  Grfteff,  N.  Jahrb.  f.  Mineral.  Jahi^gang  1887.,  Band.  IL,  p.  264. 
f  See  Vol.  I.  of  the  Annual  Beport  0/  Qeelogloal  SorTey  of  ArkauM  for  1889. 


lOXJBCHE  HOUMTAIN  ROCK— GBAY  GBANITB. 


81 


sodinm  not  being  so  mnch  in  excess  in  this  rock,  as  in  that  from 
Norway. 

Although  the  analyses  of  these  two  rocks  do  not  show  any 
striking  similarity  they  are  set  side  by  side  for  comparison,  and 
with  these  are  placed  several  analyses  of  eleolite  syenite  from 
other  localities. 

AncUyaea  of  eleolite  syenite. 


COSSTITUENTS. 

I. 

IL 

m.           IV. 

V. 

VI. 

VII. 

ArkaoMs 

Norwaj 

Portugal  Portugal 

C.  Verd. 
Iilaodi. 

Bnall 

•••••«••••••••••««••«•••••• 


TlOt 

FeO  • . . 

wav  ««».......»—.....>«»•».—• 

jigvM  ••••••.••  •••••.•■•••■••.•• 

MnO... 
K.O. .... 

NaaO... 

HaO  (Igoiilon) 

Total 


.»>..«■ •••( 


69.70 

IBM 
4.8S 


1.84 
0.88 


6.97 
8.29 


61.90 

22  JM 
4.08 
8.16 
8.11 
1.97 


4.72 
8.18 


64.81 
0.09 

22.07 
2.88 
2.68 
2^1 
0.88 


•••«••••■••••■• 


1.88 


99.58 


••••••■•••••••a 


0.22 


99.82 


5.46 
7.58 
0.16 
1.18 


99.81 


64.20 
1.04 

21.74 
0.46 
2.88 
1.96 
0.52 
0.11 
8.97 
8.69 


2.82 


I 


100.88 


66.78 


21.81 
1.66 
4.09 
2.26 

0.74 


66.80 


24.14 
1.99 

0.69 
0.18 


6.84 
8.94 


••••••••••••a* 


8.49 


101.88 


8.79 
9.28 


.....   .M...... 


60.08 


1.68 


100.90 


20.78 
4.01 
0.75 
2.62 
0.8O 

traoe 
6.48 
5.96 
0.07 
0.69 

101.07 


I.  Eleolite  syenite  (gray  granite)  from  Fourche  Mountain,  Ar- 
kansas, by  W.  A.  Noyes. 

II.  Laurdallte  (eleolite  iqrenite)  from  Lund,  Norway,  by  G. 
Forsberg.    (Brugger,  Syenitpegmatitgaoge,  p.  3d.) 

III.  Eleolite  syenite  fh>m  Caldas  de  Monohique,  Portugal,  by  E. 
Kaleszlnsky,  (A  Merian,  "Studien  an  gesteinsbildenden  Pyroxenen"  N. 
Jahrb.  f.  Mineral.,  Beilageband  III.,  1884,  p.  271.) 

rV.  Foyaite  .(eleolite  syenite)  from  Serra  de  Monohique  (Cerro  da 
Poeada),  Portugal,  by  P.  Jannasch.  •  (N.  Jahrb.  f.  Mineral.,  Jabrgang 
1884.,  Band  II.,  p.  11,  also  Gesammelte  chemische  Forschungen  von  P. 
Jannaeeb,  Band  I.,  Qottingen,  1888,  p.  181.) 

V.  Eleolite  syenite  from  S.  Vicente,  Cape  Venl  Islands  by  C. 
Ddlter.  ('*Die  Vulkane  der  Capverden  und  ihre  Producte.''  Graz,  1882. 
Cited  from  Merian,  loc.  cit.) 

VI.  Nephelinsyenit  (eleolite  syenite)  from  railway  tunnel  be- 
tween Prata  and  Cascada,  8io  Paulo,  Brazil,  by  J.  Machado.  *'B«itrag 
zar  Petrographie  der  sudwest.  Grenze  sw.  Minas-Geraes  und  8.  Paulo.''* 
(Mln.  petrog.  Mitth.  Band  IX.,  1888,  p.  SS4.) 

•  Qcokgieal;  Vol.  U.,  MOO. 
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VII.    Palaskite  (blue  granite)  from  Fourohe  Mountain,  Arkansas^ 
by  B.  N.  Brackett. 

From  the  foregoing  description  it  is  evident  that  the  gray 
granite  is  a  trae  eleolite  syenite.  It  differs  somewhat  from  the 
majority  of  eleolite  syenites  which  have  been  described  from 
other  localities  and  appears^  as  far  as  its  mineral  and  chemical 
composition  is  concerned,  to  hold  an  intermediate  position 
between  Broggers  laardalite  and  laurvikite,  but  in  its  structure 
it  is  much  more  like  the  former. 

Special  attention  is  called  to  the  great  similarity  in  chemical 
composition  between  the  pulaskite  (vii.)  and  the  eleolite  syenite 
(i)  from  Fourche  Mountain,  but  the  discussion  of  the  signifi- 
cance of  this  remarkable  resemblance  must  be  deferred  until  the 
genetic  relations  of  the  rocks  of  this  region  are  considered. 
(See  chap.  IV.  v,) 

In  connection  with  these  analyses  of  comparatively  fresh 
material  the  following  analyses  are  of  interest  as  showing  the 
composition  of  the  kaolin  mentioned  above  which  was  derived 
principally  from  this  material.  The  following  partial  analyses 
were  made  by  the  chemist  of  the  Survey  and  show  very  clearly 
the  gradual  decrease  in  silica  and  increase  in  water  as  the 
decomposition  proceeded. 

AnaJyaea  of  decomposition  products  of  Fourche  Mountain  syenite. 
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I.  Deoomposed  syenite  from  railway  out  2  miles  north  of  Sweet 
Home. 

n.  Deoomposed  syenite  fh>m  railway  cut  2  miles  north  of  Sweet 
Home  (another  specimen). 

ni.    Kaoliu  from  1  S.,  12  W.,  section  9. 

Another  product  formed  by  the  breaking  down  of  this  or 
more  probably  of  the  pulaskite  (blue  granite)  has  been  described 
us  occuring  at  two  points  about  the  mountain  (pp.  23  and  26)  • 
In  both  of  these  exposures  the  material  has  been  consolidated  into 
^a  comparatively  hard  rock  and  the  particles  are  cemented 
together  by  secondary  silica  of  both  cryptocrystalline  and 
ohalcedonic  varieties. 

Under  the  microscope  the  fragments  of  orthoclase  in  this 
fock  show  very  decidedly  their  detrital  origin.  In  some  cases 
they  are  comparatively  fresh,  while  in  most  specimens  they  are 
very  much  decomposed.  They  ofiten  show  only  a  cast  of  their 
original  form  consisting  of  iron  ozide^  secondary  muscovite 
and  kaolin. 

In  some  cases  irregular  fragments  of  siliceous  shale  have 
been  observed  lying  among  the  fragments  of  feldspar  but  they 
«re  as  a  rule  quite  scarce. 

A  partial  analysis  of  the  less  siliceous  variety  of  this  rock, 
which  occurs  as  described  on  page  23^  was  made  by  the  chemist 
of  the  Sarveyi  with  the  following  results : — 

Analysis  ofdetritcU  material. 

SiO, 65.84 

AljOj 22.82 

FeA 2.70 

Ignition 2.08 

By  diff.  (CaO  alkalies,  etc.)...  6.71 

Total 100.00 

It  is  probable  that  the  variety  described  on  page  26  would 
give  a  much  larger  percentage  of  silica. 

C.    Syenitic  Dike  Rocks. 

1.      Brown  Oranite.  {Eleolite  Syenite  Dike  Bock). 
Under  the  head  of  brown  granite  are  included  two  of  the 
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syenitic  dikes  which  are  found  southeast  of  Fourche  Mountain 
(p.  25).  They  form  narrow  bands  not  often  exceeding  6  m 
(20  feet)  in  width  and  are  so  weathered  that  nothing  but  a  line 
of  boulders  remains  to  show  where  the  dike  once  was.  Although 
occurring  only  in  boulders  this  rook  has  been  used  to  8om& 
extent  as  a  building  stone.  The  basement  wall  of  the  Pulaski 
county  court  house  and  a  large  portion  of  the  Roman  Catholic- 
cathedral  in  LUtle  Rock  are  built  of  it.  It  presents  a  very' 
pleasing  contrast  to  the  blue  granite  (pulaskite)  which  is  used  in 
the  superstructure  of  the  court  house.  In  the  case  of  the- 
cathedral,  where  it  has  been  used  indiscriminately  in  the  wall 
with  the  blue  rock  of  both  coarse  and  fine  grain,  the  effect  is  not 
nearly  so  good. 

Another  rock  which  belongs  to   this  group,  is  that  whicb 
forms  the  bosses  and  boulders  between  Fourche  Mountain  proper 
and  the  ridge  next  south  of  it  (p.  20).    It  is  of  a  lighter  more- 
decidedly  gray  color  than  most  of  the  brown  granite  but  still  has- 
the  structure  and  general  characteristics  of  the  dike  rock. 

a.    Physical  Properties. 

Structure  and  color. — This  rock  is  of  a  grayish  brown  color 
and  presents  a  somewhat  porphyritic  appearance.  *  The  most 
conspicuous  crystals  are  comparatively  large  [16-30  mm]  feld- 
spars, which  are  tabular  parallel  to  the  symmetry-plane,  and 
which  give  a  trachytic  appearance  to  the  rock.  These 
crystals  often  have  a  bluish  center  consisting  of  a  fresh  glassy 
material,  while  the  outside  is  reddish  brown  and  dull.  Thia 
imparts  a  mottled  appearance  to  the  rock  when  seen  near  by,  but 
which  is  lost  when  the  rock  is  viewed  at  some  distance.  Thia 
alteration  in  color  from  the  center  of  the  crystals  to  the  outside 
is  probably  due  to  the  action  of  weathering,  for  in  some  oases  the 
rock  is  so  fresh  that  these  variations  do  not  appear. 

Slrtngih. — Since  this  rock  has  been  used  as  a  buildinir  stone. 


«  TlM  Uthograph,  pUto  1  (fxoDtiipiaos)  ahoira  the  appMurmnoa  of  a  polished  sorfiMe  ot 
thUxock. 
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m  block  of  it  was  tested  in  the  same  way  that  the  blue  and  gray 
varieties  were,  and  with  the  following  results : — 
Pressare*  per  square  inch  under  which  cube 

crumbled 21,000     lbs. 

Corresponding  pressure  per  square  inch  in  2 
inch  cubes,  calculated  by  cubic  parabola 

formula 25,000     " 

The  specimen  upon  which  this  test  was  made  was  not 
perfectly  fresh  and  was  badly  jarred  in  its  preparation,  so  that 
in  all  probability  a  fresh  specimen  of  this  rock  would  stand  even 
cnore  pressure  to  the  square  inch  than  the  one  used. 

The  other  physical  properties  determined  .are  as  follows : — 

Abeorptiveneas 1  :  161 

Speoific  gravity ~  2.521 

Weight  per  cubic  foot 157.6  lbs. 

Weight  per  cubic  meter.. 2524.47  kilos 

b.     Crystallographic,  Microscopic  and  Chemical   Investigation. 

Sinusture. — The  structure  of  the  eleolite  syenite  dike  rock 
is  hypidiomorphio  granular.  .  The  orthoolase  is  the  most 
important  constituent  and  generally  forms  large  tabular  crystals 
which  are  allotriomorphioally  bounded  when  they  come  in  con- 
tact with  the  basic  silicates  or  with  each  other,  but  are  idiomor- 
phic  where  they  come  in  contact  with  eleolite  or  its  depomposi* 
tion  product,  analcite.  These  tabular  feldspars  give  a 
trachytic  f  appearance  to  the  rock. 

From  its  occurrence  in  dikes  it  is  evident  that  this  rock 
belongs  to  the  group  of  intrusive  rocks.     Its  structure  is  such 

•  As  on  p.  73  the  aotaal  retulta  of  the  tests  before  redaction  are  reprewDted  bj  the 
foUowing  flgnres:— 

Area  orer  which  preMure  vaa  distrlbated ..............m..    1|426   iq,  inches 

Prteaare  ander  vbich  the  cube  orambled ...^ 80,000  lbs. 

t  BrSgger  (SyeoitpegmatitgSDge,  p.  89)  soggoBts  that  thename/oyaite  be  applied  to  such 
toeks  baring  a  trachjtlc  structure,  and  at  the  same  time  he  states  that  such  rook  has  nothing  In 
^onmoD  with  the  rook  now  bearing  that  name. 

The  writer  Is  anwillint  to  adopt  Br5gger's  name  as  it  seems  to  lead  to  eoofusion  bf 
luTiog  one  name  for  two  diSerent  rocks  o(  the  same  group.  If  a  name  for  such  rocks  haviog  a 
trachjtie  stmetare  is  required,  some  new  name  should  be  chosen  which  has  no 
established  meaning.  In  this  report  and  until  some  such  name  is  suggested  the  writer  has 
^oaen  to  use  the  expression  eUtUiie  tyeniie  dite  ri>ekj  as  expressing  the  coarse  grained  hypi- 
iomorpble  granular  struct  are  of  the  rock  and  its  occurrence  as  an  intrusire  dike. 
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that  it  falls  into  the  class  of  granitic  eleolite  dike  rocksi  and 
forms  an  additional  example  of  this   rare   rock.* 

Orthodase  as  has  already  been  stated  occurs  in  crystals 
which  are  tabular  parallel  to  the  clinopinacoid  (010)  and  consist 
of  a  bluish,  transparent  center,  ^rrounded  by  a  pinkish  or 
brownish,  opaque,  outer  coating.  The  larger  crystals  are  often 
15  to  30  mm  in  their  greatest  diameter  but  not  more  than  3  or 
4  mm  in  thickness.  They  are  bounded  by  the  faces  coPdo  (010),. 
ooP  (110),  OP  (001;,  and  +2Pc5o  (201),  Under  the  microscope 
the  difference  between  the  transparent  center  and  the  opaquo- 
outside  is  very  marked.  The  two  portions  are  not  separated 
from  each  other  by  a  sharp  line  but  penetrate  one  into  the 
other  and  shade  gradually  into  each  other.  In  the  case  of 
many  of  the  smaller  crystals  the  whole  section  has  become* 
opaque.  The  cleavage-cracks  parallel  to  the  base  (001)  and 
clinopinacoid  (010)  are  very  distinct  in  such  opaque  crystals,  and 
appear  as  white  lines  in  a  gray  ground.  The  cracks  parallel 
to  the  base  are  sharp  and  straight,  while  those  parallel  to  the 
vertical  axis  more  often  appear  as  if  they  were  simply  lighter 
bands,  still  very  narrow,  but  not  showing  the  same  sharp  edge 
that  those  parallel  to  the  base  (001)  exhibit.  Twins  according 
to  the  Carlsbad  law  are  not  uncommon,  but  twinning  lamellsd- 
showing  the  interposition  of  trielinic  feldspar  have  not  been 
observed.  Inclusions  of  apatite,  magnetite  and  basic  silicates 
have  been  observed  and  in  some  cases  the  latter  are  seen  to  have 
been  altered  to  serpentine. 

Bioiite  appears  in  considerable  quantity,  and  is  in  every 
respect  similar  to  that  found  in  the  eleolite  syenite  (p.  77). 

Pyroxene  appears  to  consist  principally  of  diopside,  which  ia 
here  almost  identical  with  that  described  in  the  pulaskite  (p. 
61).  The  green  edge  or  border  is,  however,  in  this  case  wider  and 
more  prominent  than  in  the  mineral  already  described.  The 
border  shows  a  small  extinction  angle,  which  indicates  its  segiritie 
character.  The  inclusions  are  siipilar  to  those  of  the  already 
described  mineral.  In  several  cases  this  mineral  has  been  found 
broken   in   two  and  the   crack  filled   with   intruded     eleolitie 

•  See  Mikros.  Phjaiog.!  Boeenbatch,  Band  II.,  p.  277. 
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material.  The  break  shows  that  there  was  a  not  incoDsiderable 
dynamic  force  brought  to  bear  upon  the  rock  after  the  basic 
silicates  were  formed  and  before  the  final  solidification  took 
place. 

Amphibole  is  entirely  wanting  in  the  sections  which  have 
been  examined. 

The  biotite  and  pyroxene  are  grouped  together  in  much  the 
same  way  as  they  are  in  the  pnlaskite.  The  biotite  is  always 
the  older  and  is  often  included  by  the  pyroxene. 

EleolUe  holds  a  similar  position  to  the  other  minerals  that  it 
did  in  the  pulaskitCi  but  it  is  here  much  more  important.  It 
is  in  almost  all  cases  altered  to  analcite. 

ApaiUej  iUanUe  and  magneiiie  are  all  present  in  large 
idiomorphic    crystals^  but    show    no    peculiarities  worthy   of 
description. 

AUeraiion  prodiicts. — The  eleolite  has  in  a  great  part  been 
altered  to  ancddUy  as  is  the  case  in  the  pnlaskite,  but  as  its 
optic  anomalies  and  other  microscopic  characteristics  are 
virtaally  identical  with  those  there  enumerated  the  description 
need  not  be  repeated. 

Serpentine  indicates  the  beginning  of  decomposition  in  the 
basic  silicates  of  some  of  the  less  fresh  specimens  of  the  rock. 
In  many  cases  the  dark  silicates  are  surrounded  by  a  narrow 
band  of  serpentine.  In  the  orthoclase  crystals  small  spots  of 
serpentine  are  occasionally  found,  which  indicate  that  some 
small  included  basic  silicates  have  been  entirely  converted  into 
this  substance. 

Oancrinite  has  been  observed  here  and  there  in  very  minute 
grains*. 

CalcUe  has  in  one  or  two  cases  been  observed  in  association 
with  eleolite  or  analcite  and  it  evidently  marks  the  last  stage  of 
the  alteration  of  that  mineral. 

Chemical  conetUution, — This  brown  dike  rock  is  in  some 
respects  related  to  both  of  the  already  described  varieties  of 
syenite.   In  its  general  appearance  it  resembles  the  pulaskite  more 
than  it  does  the  eleolite  syenite,  but  in  the  microscopic  investi- 

•  For  a  dtMriptlon  of  ibis  mlnsral  we  chapter  VII.  xi.  B.  1. 
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gations  it  is  seen  to  have  more  the  stracture  and  characteristics  of 
the  latter.  The  analyses  of  the  pulaskite  and  eleolite  syenite 
are  so  similar  that  no  distinctive  points  can  be  found. 

An  analysis  of  this  dike  rock  made  by  the  Snrvey, 
W.  A.  NoyeSy  analyst,  gives  the  following  figures  (analysis 
i)  which  are  placed  side  by  side  with  those  of  the  blue 
and  gray  rocks  for  the  convenience  of  comparison.  Analysis  n 
is  a  determination  of  the  silica  in  the  grayish  variety  of  dike  rock 
(pp.  20  and  84)  by  R.  N.  Brackett.  It  shows  that  the  silica  is  in 
this  case  about  one  per  cent  higher  than  in  the  reddish  brown 
variety  of  the  dike  rock.  After  a  careful  search  no  quartc  was 
found  in  this  grayish  variety  of  the  dike  rock^  but  the  eleolite  was 
seen  to  be  larger  and  more  important  than  is  common  in  the 
brown  variety.  This  would  suggest  a  lower  percentage  of  silica 
instead  of  a  higher  one^  as  found. 

Table  showing  oompoaition  of  syenites  of  Fourohe  Mountain. 


I. 

IL 

III. 

IV, 

CONSTITUENTS. 

Dike  look, 
(brown.) 

Dike   rock. 
(8»7.) 

Eleolite 
•jeaite. 

Palukite. 

Bl(J|  ••••«••••••■•«•••■• 

69.28 

19.98 

4.72 

2.41 
1.10 
6.76 
6.47 

61.10 

69.70 
18.86 
4.86 

60.08 
20.76 

FcO... 

••••••••••••«••••• 

4.01 
0.76 

1.84 
0.68 
6.97 
8.29 

2.62 

MgO 

K,0 

0.80 

6.48 

XI  ftfO.M......  .....M.. 

P  o. 

•»•••«  ••••••  •••••• 

6.96 
0.07 

H«0  (linitioD)... 

1.88 

...... ............ 

1.88 

0.69 

Total.* 

100.06 

89  JM 

101.07 

1.  Eleolite  syenite  dike  rook  (brown  granite),  S.  E.  of  Fourohe 
Mountain  region  N.  E.  of  section  36.  Reddish  brown  variety.  Anal, 
by  W.  A.  Noyes. 

n.  Bame.  South  of  Fourohe  Mountain  proper.  On  line  between 
eeotions  18  and  19,  and  one  quarter  mile  east  of  township  line.  Silica 
by  R.  N.  Braokett. 
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m.  Eleollte  syenite  (gray  granite).  8.  W.  i  of  section  26. 
^nal.  by  W.  A.  Noyes. 

IV.  Pulaskite  (blae  granite.)  Inside  of  Fourche  Gove.  8.  W.  i 
-'of  section  IS.    Anal,  by  Brackett  and  8mitli. 

From  its  geologic  position  and  physiographic  relations 
it  appears  as  if  this  brown  rock  were  simply  forced  into  narrow 
tracks  in  the  Paleozoic  shales,  while  the  eleolite  syenite  formed 
«  much  lai^er  mass  of  similar  material,  which  cooled  slower  and 
under  pressure.  Its  occurrence  as  dikes  would  place  it  among 
Che  older  intruded  rocks,  while  its  structural  features  suggest  that 
it  might  belong  to  the  eleolite  syenite  proper. 

In  its  microscopic  appearanoe  this  rock  is  almost  identical 
with  Brogger's  nordmarkUe  (Syenitpegmatitgaoge,  p.  64.)  The 
latter  is  a  quartz  syenite,  while  the  brown  rock  from  Arkansas 
shows  no  quartz  whatever.  The  chemical  composition  of  the 
two  rooks  is,  however,  quite  similar  as  is  shown  by  a  com« 
fMtrison  of  the  analyses. 

'Khmpariaan  of  analyses  of  syenite  from  Arkansas  and  Norway. 


OONSTETUBNTa 


Slo.. 


■••••••«•••••••• 


A1,0,. 
Fe,0.. 


OiO. 


MgO..., 
K«0^.. 


N«.0 

HaO  (ignition). 


'•.*•••*  •......«..••.• 


..... ...  ...••• 


Total.. 


I. 

II. 

Dlksrook 

(brovo) 

Ark. 

Dike  rook 

is:' 

09.28 
19.98 

4,72 

2.41 

1.10 

6.76      . 

6.47 

1.88 

61.1f 

»■•«•••«•••••«•«•• 

100.06 

III. 


Nordmark- 

it«. 
Norwaf. 

00.45 
20.14 

8.80 

1.68 

1.27 

6.12 

7.28 

0.71 
100.40 


I.  Eleolite.  syenite  dike  rock  (brown)  Fourche  Mountain,  Ar« 
Kansas.  Anal,  by  W.  A.  Noyes. 

n.  Eleolite  syenite  dike  rook  (gray)  Fourche  Mountain,  Arkan- 
-WIS.   Bilioa  by  R.  N.  Brackett. 

m.  Nordmarkite  (quartz  syenite).  Principal  rock,  between 
Loken  and  Auerod,  Norway.  Anal,  by  G.  Forsbeig  (Syenitpegmatit* 
gauge,  p.  67). 
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The  similarity  in  the  macroscopic  appearance  of  these  two» 
rocks  was  first  noticed  by  Professor  Bosenbasch^  of  Heidelberg^ 
who  called  the  writer's  attention  to  it^  and  through  the  kindness- 
of  Dr.  George  H.  Williams  of  Johns  Hopkins  Qniversity^  Balti- 
more, the  writer  was  enabled  to  compare  specimens  of  the  two. 
rocks. 

When  microscopically  examined  these  two  rocks  are  not  ast 
similar  as  their  macroscopic  appearance  and  chemical  compoei* 
tions  would  suggest.    Nordmarkite  contains  a  large  amount  of^ 
microperthitic  orthoclasci  considerable  quartz  and  comparatively 
few  basic  silicates.     Pyroxenes  of  the  diopside  series  form  the^ 
greater  part  of  the  basic  silicates^  but  segirite  is  also  very  oommoiw 
and  hornblende  of  the  arfvedsonite  series  is  seldom  if  ever  absents 
Biotite  is  often  present  in  large  quantities. 

It   appears^  therefore^  from  the  above  description  thai  the- 
Arkansas    '^brown  granite"   differs  very   materially   from   the^ 
Norwegian  nordmarkite  not  only  in  the  absence  of  quartz  and 
the  presence  of  eleolite  but  also  in  the  relative  quantities  and  thi^ 
characters  of  the  basic  silicates  present. 

The  similarity  of  this  rock  in  its  structure,  mineralogio- 
components  and  mode  of  occurrence,  to  Brogger's  foyaiier 
(Syenitpegmatitgange  p.  89)  has  already  been  noted  (p.  85)  anA 
commented  upon. 

2.     Miarolitic  Dikes, 
a.     Miarolitic  Eleolite  Syenite  Dikes. 

Under  the  head  of  miarolitic  eleolite   syenite  are  classed' 
those   coarsely   crystalline  dikes,  which  have  been  described  aa 
occuring  along  the  northeast  ridge  -of  Fourche  Mountain  and  at:, 
the   southeast  corner  of  the   mountain,  as  well  as  those   which 
penetrate  the  fourchite  and  shales  at   the  south  end  of  AUis 
Mountain  near  its  summit.     They  usually  occur  as  very   much 
weathered  boulders  and  in   narrow,  vein-like    masses   cutting 
through  other  rocks. 

Macroscopic  structure. — Where  the  igneous  rock  has  com^ 
through  other  igneous  rock,  as  on  the  top  of  Fourche  Mountain^ 
it  is  much  coarser  grained  than   where  it  has  formed   narrow- 


L  SrKVEV  OP  ARKANSAS.        ANNUAL  RSPOKT  FOR  I89O. 


DIKE  OF  MIAROLITIC  ELEOLITE  SYENITE  IN  FOURCHITE. 


FOUROHE  MOUNTAIN  ROCK  —  MIABOLITIO  DIKES.  9% 

dikes  in  the  Paleozoic  rock.  In  both  cases^  howeveri  the  rook 
appears  to  be  completely  coarse-crystalline  with  no  tendency^ 
whatever  towards  a  porphyritic  structure.  The  structure  of 
both  the  coarse-  and  fine-grained  dikes  may  be  designated  as. 
panidiomorphic  granular  and  may  usually  be  further  character- 
ized as  being  in  a  high  degree  miarolitic. 

Specific  gravity  aiid  abaorptiveneaa. — The  specific  gravity  and* 
absorptiveness  of  this  rock  as  determined  on  both  coarse  and  finc^ 

grained  material  gave  the  following  figures  : — 

Sp.  Gr.       Absorptiveness 

Coarse-grained  rock 2.422  1 :  73 

Fine-grained  rook 2.315  1  :  21.5 

Color. — The  color  of  the  rock  varies  greatly  with  its*, 
texture ;  in  the  coarse-grained  varieties  the  color  is  grayisb 
and  often  becomes  nearly  black,  in  consequence  of  dark  stains, 
of  manganese  on  the  surface.  The  fine-graiued  rock  is^  on  ihe^ 
other  hand^  usually  of  a  yellowish  color,  which  is  due  for  the 
most  part  to  a  hydrous  oxide  of  iron  formed  by  the  weathering^ 
of  the  iron  ores  and  basic  silicates. 

Feldspar  crystals  range  from  10  to  20  mm  in  their  greates  t. 
diameter   and  are  tabular  parallel    to  the  clinopinacoid  (010)*^ 
They  have  usually  been  changed  to  a  great  extent  into  kaolin^ 
but,  in  the  coarser  specimens,  an  unaltered  center  is  often  visible.. 
Carlsbad  twins  are  very  common  aud  are  the  rule  rather  than 
the  exception.     The  feldspars  show  by  their  numerous  micro- 
scopic twinning    lamellae  that  they   are  not  simple  orthoclase- 
crystals,  but   a   microperthitic  intergrowth   of    orthoclase   and 
albite.     In  many  cases  albite  appears  to  have  formed  from   the^ 
decomposition  of  the  orthoclase  and  to  be  present  in  somewhat 
fresher  crystals  than  the  latter.     Cases  occur  in  which  both  the^ 
albite  and  pericline  laws  of  twinning  are  in  force  at  the  samo- 
time, 

Bioiite  occurs  in  thick,  six-sided  plates  6  mm  or  more^ 
across.  They  are  bounded  by  the  faces  OP  (001),  ooPcSo  (010)^ 
and -P  (111). 

Amphtbole  occurs  in  black  lustrous  prisms  about  3  mm  long; 
and  of  one-fifth  that  width.    Isolated  crystals  showed  under  the^ 
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miorosoope  the  fiioes  ooP  (110)^  coPdo  (010)  and  probably  also 
Pdo  (Oil)  and  OP  (001).  The  yellowish  and  bluish  ^reen  pleo- 
chroism  and  the  extinction  angle  of  approximately  20^  indicate  a 
mineral  of  the  arfvedsonite  group. 

Sphene  and  apatite  occur  in  large  idiomorphic  crystals. 

EUolUe  occurs  in  the  less  weathered  specimens  in  some- 
what the  same  form  in  which  it  appeared  in  the  eleolite  syenite 
*^gray  granite).  .  It  forms  the  filling  between  the  feldspar  crystals, 
but  instead  of  being  entirely  allotriomorphic  as  in  the  proceed* 
ing  cases,  it  here  shows  some  tendency  toward  idiomorphism. 
In  cases  where  it  is  very  plentiful,  however,  it  gives  to  the  rock 
a  decidedly  granitic  structure.  It  is  generally  altered  to  analcite, 
and  in  specimens  from  near  the  surface  it  is  entirely  wanting, 
having  been  altered  into  soluble  compounds  and  dissolved  out  by 
the  surface  waters. 

It  seems  probable  that  the  coarse-grained  dikes  which  cut 
the  pulaskite  were  formed  by  the  pressing  up  of  the  still 
fluid  magma  from  the  interior  through  a  narrow  crack  in  the 
already  hardened  but  still  hot  pulaskite  and  that  thus,  to* a 
<3ertain  extent,  these  igneous  dikes  resemble  true  pegmatite  dikes.^ 
In  this  way  the  younger  material  was  warmed  from  the  sides 
<4ind  was  allowed  to  cool  slowly  and  to  form  the  coarse  grained, 
completely  crystalline  dikes  just  described.  In  the  case  of  the 
narrow,  panidiomorphic  granular  dikes  in  the  Paleozoic  shales, 
the  only  explanation  which  appears  tenable  is  that  suggested  by 
Brogger  (Syenitpegmatitgange,  p.  282)  for  the  Norwegian  syenite 
pegmatite  dikes  in  similar  situations,  namely;  that  they  were 
forced  from  below  into  cracks  in  the  already  heated  shales  and 
there  cooled  slowly,-  forming  a  comparatively  coarse-grained, 
uniform  panidiomorphic  dike. 

*  Aooordlng  to  BrOgger  (8jenltp«gmRtltgtag6,  p.  216),  th«  flnt  aathor  to  adTMioe  this 
theory  for  the  formatloo  of  pegmatite  dikes  was  Oharpeotier,  In  the  year  182S.    In  hit  "  Eastt 
ear  laoonstitaiion  gtegnoetiqae  dee  Pjreoeee"  the  latter  eajrs,  '*the  lyeDlte  pegmatite  dikes 
4ire  flsBore  dikes  whioh  were  formed  immediatelj  or  rer j  soon  after  the  solldiflcation  of  the 
incladiog  granite."    (Translated  from  Brdjrger,  loc.  cit.,  p.  215,  who  in  turn  cited  from  O.  F. 
Na  amann,  Lebrbuch  d.  Oeognosie,  Band  11.,  1862,  p.  282.)     Thef  were  therefore,  "injections  of 
^^anitic  material  whioh,  ooming  from  the  still  liquid  granite  beiow,  was  pressed  into  the 
racks  of  the  already  solldlfled  granite  aboTe,—  this  is  true  al^w  of  the  later-formed  msases  of 
*he  same  granite  formatlonr-  within  whose  confines  they  appear"  (Naumann  loc.  cit.,  tranala- 
oted  from  the  ciUtion  of  BrSgger,  loc.  olt.) 
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b.     Miarolitic  Quartz  Syenite  Dikes.  * 

Before  leaving  the  subject  of  the  feldspathic  dike  rocks  it  is 
necessary  to  describe  two  varieties  of  dikes  which  may  well  be^ 
designated  as  quartz  syenites.    These  occur  in  the  form  of  dikes, 
and  independent  masses  at  several  points  about  the  Fourch& 
Mountain  region.    Thus^  for  examplci  may  be  mentioned  the 
large  dike  on  the  west  side  of  Fourche  Mountain  proper  (p.  29)>. 
which  consists  of  this  material,  and  the  loose  boulders  and  other 
masses  on  the  west  bank  of  the  Little  Fourche  Bayou  (pp.  27-28)^ . 
as  well  as  the  fine  grained  dike   found  in   the  quarry  of  the 
Little  Rock  Qranite  Company  (p.  20).    From  the  arrangement . 
of  the  minerals  in  this  rock  and  the  mode  of  occurrence  of  these 
dikes  the  rock  may  be  considered  aplitic  in  its  structure.    These 
dikes  may  be  divided  into  two  classes  which  differ  from  each 
other  principally  in  the  size  of  the  individual  crystals  and  the 
form  in  which  the  quartz  appears. 

(/}   Ooarg^ffrained  quartz  syenite  dikes. 

The  dike  on  the  west  side  of  Fourche  Mountain  proper  may 
be  taken  as  a  type  of  this  class. 

McusTosoopic  and  Microscopic  Characteristics. — The  coarse- 
grained quartz  syenite  occurs^  as  already  stated,  principally  in 
the  form  of  huge  boulders  and  much  weathered  masses  from 
which  it  is  almost  imfiossible  to  obtained  fresh  specimens.  The 
rock  is  gray  or  pink  in  color  and  characterized  at  once  by  the 
macroscopically  easily  recognizable  quartz  grains.  Under  the 
microscope  it  consists  of  a  granular  combination  of  quartz,  ortho- 
clase,  plagioclase  and  the  remnants  of  some  now  indistinguish- 
able basic  silicate. 

Quartz  usually  appears  in  allotriomorphic  grains,  which 
often  show  a  tendency  to  idiomorphism  by  an  indication  of  a 
dihexahedral  form  on  the  larger  grains. 


^  The  t«rm  quartM  tpmiU  is  OMd  In  place  of  th«  oam«  granUM,  Id  ordar  to  eiproM 
the  fact  that  the  rockaia  queatlon  are  goDoticallj  aaKMsiatcd  with  the  ayeoita  groap,  and  nol 
with  true  Kraaitea.  In  thia  connection  BrOgger  remarka  (Syenitpegmatitglnge,  p.  55,  foot  note  V. 
that  he  eonidden  that  the  line  hetweoR  ayenlte  and  granite  ahoold  be  determined  hj  the 
ameoat  of  silica  which  the  rook  contalna  and  not  bj  the  presence  or  absence  of  indlTidnalised 
qearts.    He  plaoss  the  critical  antoont  of  silica  at  66  per  cent. 
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On  one  specimeD,  a  left-handed  qaartz  crystal  not  exceeding 
12  mm  in  length,  the  following  faces  were  determined  : — 
+  R  *(10ll),-i2  x(OlIl);  +3iJ*(8031),  +4iJ  x(4041), 

ooR  ;t(10I0),  +^5  I     r;t(5IBl),  +1^  I  r*(8Ill). 

4  4 

^his    crystal  extended    into  a   miarolitic  cavity    and   was    of 

-'Secondary  origin,  as  are  most  if  not  all  of  the  idiomorphically 
-bounded  crystals.  The  allotriomorphic  crystals  are  partly 
^primary  and  partly  secondary  in  their  origin. 

Under  the   microscope  the  crystals  extinguish  sharply  in 
"parallel  polarized  light  and  both  the  double  refraction  and  index 
refraction  are  low.     In  sections   which   remain  dark   between 
crossed  nicols  during  a  complete  revolution  of  the  stage  a  black 
^ross  without  rings  appears  when  the  crystal  is  examined  in  con- 
vergent light.    This  cross  when  tested  with  a  mica  plate  shows 
the  positive  character  of  the  double  refraction.     The  quartz  is 
clear  and  colorless  in  ordinary   light.      Large  fragments  and 
rounded  crystals  of  orthoclase  are  sometimes  included  in  it  and 
'besides  these  a  great  number  of  liquid  inclusions  occur.     The 
latter  are  often  arranged  in  straight  lines  passing  through  the 
•crystals  in  various  directions.    The  inclusions  are  of  two  kinds, 
large  irregular  ones,  which  sometimes  reach  a  diameter  of  0.1 
"mm  and  small  ones,  which  show  a  crystal  form  and  seldom  if 
ever  exceed  0.01  mm  in   length.     Both  classes  of  inclusions 
usually  contain  stationary  bubbles  which  are  often  more  than 
half  thesize  of  thecavity.  In  addition  to  these,  inclusions  of  minute 
'black  rods  are  quite  frequent  and  they  are  usually  arranged  in 
such  a  way  as  to  suggest  that  they  are  the  remnants  of  some  pre- 
existing mineraU     Thus  they  are  ofi^n  found  lying  regularly  in 
lines  parallel  to  each  other  as  if  representing  the  cleavage-cracks 
-of  some  decomposed  crystal.     These  parallel  rows  of  parallel 
rods  are  generally  terminated  at  such  points  as  to  indicate  the 
position  of  a  bounding  face  of  the  crystal  making  an  angle  with 
^the  direction  of  the  rods.      This  appearance  is  heightened  by  a 
number  of  small  rods,  all  still  lying  in  the  same  direction,  but 
'<llose  enough  together  to  form  a  lateral  band  along  the  terminal 
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\>Iane  (Fig.  8).      It  is  probable  thai  these  are  the  skeletons 

*of  some  basic  silicate   or  of   an   orthoclase 

crystal  whose  substance  was  gradually  sub- 

atitated   by    the   secondary    quartz.      These 

skeletons,  if  they  may  be  so  called,  pass  through 

without  interruption  from  one  grain  of  quartz      pig.s.   ouanz  araina 

to  another,  but  never  into  the  feldspars.  qfbiaekiine*Mfning»iteie' 

Um  qf   some    deeampo$ed 

The  primary  and  secondary  quartz  in-  m*nerai. 
^ividuals  have  been  described  together  because  in  this  altered 
rock  it  has  been  impossible  to  separate  them. 

Orthoclase  appears  in  idiomorphically  bounded  crystals 
where  it  comes  in  contact  with  the  primary  quartz.  It  is  stout 
prismatic  in  form  and  shows  the  faces  ooP  (110),  ooP(3o(010), 
HP  (001)  and  perhaps  +2Pc5b(20I).  It  has  not  been  found  in 
fresh  crystals  but  in  all  cases  shows  the  beginning  of  kaolini- 
vation.  Notwithstanding  this,  however,  the  microperthitic 
intergrowth  of  albite  with  the  orthoclase  material  is  clearly 
shown  by  the  irregular,  patchy  and  wedge-shaped  lamellee, 
which  have  an  angle  of  extinction  different  from  that  of  the 
Test  of  the  mineral.  The  orthoclase  contains  a  great  many 
inclasions^  liquid  and  gaseous  as  well  as  solid;  these  all  seem 
to  follow  the  cleavage  cracks,  and  in  the  case  of  the  solid 
particles,  they  often  mark  out  the  skeleton  of  the  feldspar 
itself  as  was  described  above  in  the  case  of  the  skeletons  in- 
xslnded  in  the  quartz. 

Plagiodaae  has  only  been  observed  in  a  few  small  crystals 
which  show  distinct  twinning  lamellsB  running  straight  through 
the  crystals.  These  give  extinction  angles  varying  from  10^  to 
20P  with  the  composition  plane,  when  seen  in  plates  parallel  to 
the  basBi  and  hence  the  crystals  are  probably  close  to  labradorite 
in  composition.    They  are,  however,  distinctly  accessory. 

The  basio  sUicatea  have  usually  been  altered  into  a  reddish 
1>rowD,  hematite-like  substance  and  are  very  hard  to  identify. 
Some  of  the  sections  made  op  of  hematite  have  nearly  right 
mngled  corners,  and  therefore  show  some  evidence  of  having 
i)eea  at  one  time  pyroxene  of  some  kind.  Fresher  specimens 
«how  that  the  mineral  is  SBgirite. 


06  ANKUAIi  BBPOBT  STATE  GEOLOGIST. 

Chemical  composition. — An  analysis  of  the  quartz  syenite  dikec 
rock  was  made  by  the  survey,  R.  N.  Brackett,  analyst.  In  order^ 
to  obtain  a  fair  sample  from  this  coarse-grained,  variable  rock,, 
a  quarter  of  a  kilogram  of  the  freshedt  material  obtainable  from, 
the  dike  on  the  west  side  of  Fourche  Mountain  proper,  was. 
powdered  in  a  steel  mortar,  passed  through  a  40  mesh  seive  and 
well  mixed.  The  quantity  requisite  for  an  analysis  was  taken^ 
from  this  material  and  finely  powdered  in  an  agate  mortar. 

The  results  obtained  from  this  analysis  are  as  follows : — 

Analyiiis  of  coarse-grained  quartz  syenite  dike. 

SiO,^ ., 64.63 

AlA 18.16 

FejOj 8.06 

MnO 1.00 

CaO 1.54 

MgO 0.60 

K,0 4.79 

Na,0 6.80 

H,0  (Ignition) 1.08 

Total 100.54 

The  analysis  shows  that  probably  more  plagioclase  is  present 
than  the  microscopic  investigation  indicated.  The  presence  or 
one  per  cent  of  manganese  is  peculiar.  In  the  next  rock  de- 
scribed, which  is  one  to  which  this  one  is  closely  related,  the- 
amount  of  manganese  contained  is  much  greater.  '  The  compar- 
atively high  per  cent  of  silica  and  low  water  show  that  the  quarts 
is  not  all  of  secondary  origin  and  leached  out  of  the  other  min- 
erals, but  that  the  rock  is  constitutionally  richer  in  silica  than 
the  eleolite  syenite  and  pulaskite. 

There  is  little  doubt  but  that  the  eleolite  syenite  dikea 
and  the  quartz  syenite  dikes,  were  formed  from  essentially  the 
same  magma  and  that  either  by  an  absorption  of  silica  from 
the  neighboring  sedimentary  rocks  during  its  intrusion,  aa 
in  the  case  of  the  dike  on  the  west  side  of  the  Little  Foarohe 
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Bayon,*  tbe  qnartz  syenite  became  more  acid,  or  else  that  this  - 
increase  of  silica  is  due  to  some  as  yet  unexplained  alteration 
in  tbe  magma  itself. 

(2)  Fiite-grained  quarts  tyenite  dike*. 
Tbe  type  of  this  class  of  rock  is  the  fine-grained  roiarolitio 
dite  exposed  on  tbe  south  side  of  the  quarry  of  tbe  Little  Rock 
Granite  Company.  The  dike  has  brokea  through  the  palaskite 
(bine  granite)  and  baa  followed  a  crack  or  joint  which  dips  about 
40°  to  tbe  north.     See  fig.  4. 


Fl£  4.— Sadfan  IhTtm^h  Iht  quarry  t/lie  LUlU  Xaih  Graaitt  (Tmpoiv,  thovlng  pnUleit 

A,     BliM  gnBile  (poluklta).  B.    Qntrrr. 

C.     Fine-gtmf  Dcd  qouli  iraDlW  dike,  D.    Sud  and  loam  (Flatalocane). 

The  surface  of  contact  between  the  two  rooks  is  marked  by 
a  decided  weathering  of  the  quartz  syenite  dike  and  it  was  only 
through  the  kindness  of  tbe  superintendent  of  tbe  quarry  that 
fresh  material  could  be  obtained.  A  blast  was  put  into  tbe  dike 
and  conaparatively  fresh  rook  was  blown  out. 

Sfrucfure. — This  rock  although  showing  in  many  cases  a 
miarolitic  structure  cannot  be  said  to  be  pauidiomorphic,  for 
althoDgb  occasionaly  idiomorphically  bounded  quartz  crystals 
(probably  secondary)  occur,  this  mineral  is  as  a  rule  allotriomor- 
pbic.  The  structure  must  therefore  be  designated  as  bypidi- 
omorphic  granular  with  a  tendency  towards  panidiomorphism. 

Jfaeroteopic  and  Microsoopio  characterialica, — Tbe  fine- 
gnined  quartz  syenite  dike  rock  is  of  a  light,  almost  white  color 
and  in  all  the  specimens  which  have  been  obtained  shows  strongly 

•Oom|NU'«lbinBiukiD*debTBr3f(*r  (S7*allii«gmaUI|lai«,p.  in)  on  ■(IbIIw  ia< 
CMMa  at  dUoB  Id  tha  "  NapbeUmreBltUebMi  P«SB*lllglDa«  "  la  Um  lelghborhond  ol  Lfirra 
InKomr. 

T  OMicgleali  Vol.  IL.ISM, 
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the  action  o(  the  weather.  It  seeniH  maoroscopically  to  be  made 
Dp  principally  of  white  feldspar  with  bnt  few  dark  colored 
minerals  interspersed  through  it. 

Under  the  microscope  it  is  seen  to  consist  of  orthoclase,  pla- 
^ioclase,  quartz,  magnetitCi  hematite  and  kaolin.  The  basic 
«ilicates  have  in  most  cases  been  completely  altered  to  hematite 
and  other  decomposition  products. 

Orthoclase  appears  as  a  white,  opaque,  generally  much 
kaolinized  feldspar,  which  only  rarely  shows  the  characteristic 
lustr^'  upon  the  base  (001).  Under  the  microscope  it  is  seen  to 
be  miuroperthitic  in  its  structure  and  to  consist  of  crystals  tabular 
to  the  clinopinacoid  (010)  and  twinned  according  to  the  Carlsbad 
law.  Its  characteristics  are  in  all  respects  very  like  those  found 
in  the  coarse-grained  variety  of  this  rock.  The  chemical  analysis 
of  the  rock  indicates  that  the  orthoclase  is  rich  in  soda,  for  where 
«o  few  varieties  ofmincrals  are  present  in  a  rock  as  in  this  one,  and 
where  one  predominates  as  strongly  as  does  the  orthoclase  in  this 
•case,  the  total  analysis  approaches  quite  closely  to  the  analysis  of 
that  mineral. 

Plagioolase  appears  very  rarely  but  in  comparatively  sharp 
crystals  which  resemble  labradorite. 

The  basic  silicates  have  been  mostly  altered  to  oxides  of 
iron  and  manganese.  The  high  percentage  of  manganese  oxide 
found  by  the  analysis  is  very  remarkable  and  indicates  that  some 
manganese  bisilicate  was  probably  formerly  present,  but  that  it  is 
now  entirely  decomposed  and  appears  only  as  indistinguishable 
•manganese  oxides,  either  alone  or  mixed  with  those  of  iron. 

The  analysis  of  this  rock  was  made  by  the  Survey,  B.  N. 
Brackett,  analyst,  and  appears  in  column  i.,  while  column  ii. 
-contains  the  analysis  of  the  coarse-grained  material  which  is  here 
repeated    in   order   to  bring  out  the   similarity  in    composi- 
tion between  the  two  rocks. 

It  is  evident  from  the  appended  analyses  that,  notwithstanding 
the  variations  in  the  quantities  of  silica,  manganese  and  alumina, 
the  rock  are  very  similar.  The  manganese  of  analysis  i.  possibly 
replaces  some  of  the  alumina  and  in  that  case  it  should  be  con- 
eidered  as  in  the  form  Mn^Os.     The  iron  in  both  analyses  is 
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probably  principally  in  the  form  of  FejOj  for  where  so  much 
weathering  has  taken  place  as  is  here  observed  the  iron  would 
be  converted  into  the  sesqnioxide  (FejOj)  or  a  hydrated  form 
■of  the  same  (2FeA+3H20). 

The  alkalies  are  quite  similar  and  indicate  that  the  quanti- 
ties and  compositions  of  the  feldspars  in   the  two   rocks  are 
^Iso  similar.    These  two   rocks  are  therefore   rightly   classed 
ogether  in  the  group  of  the  quartz  syenite  dike  rocks. 

Analyses  of  quartz  syenite  dike  rock. 


OONSTITUENTS. 


SiOa... 
AlaOa. 
FeaOi. 


QtO. 


MnO « 

MgO 

Kid 

N««0 

HaO  (Ignition) 

T0UI...MM. 


I. 


Fine-grained 
rock. 


62.96 
18.45 
8.54 
1.28 
5.29 
0.61 
5.19 
5.46 
2.77 


100.56 


n. 


Goone-ff  rained 
rock. 


64.68 
18.15 
8.06 
1.54 
1.00 
0.50 
4.79 
5.80 
1.06 


100.54 


I.  FiDe-grained  quartz  syenite  dike  rooic  flrom  quarry  of  Little 
Hock  Qranite  Company,  Fourche  Mt.,  Ark.  Anal,  by  B.  N. 
Brackett. 

n.  Coarse-grained  quartz  syenite  dike  rock  from  west  side  of 
Fourohe  Mt.  proper.    Anal,  by  B,  N.  Brackett. 

D.    Porpbyritic  Border  Bosk.   (Tingu&ite). 

a.     Occurrence. 


In  the  Fourche  Mountain  region  the  porphyritic  rocks  form 
4)ut  an  insignificant  factor,  so  far  as  their  distribution  is  concerned, 
but,  when  considered  in  connection  with  those  from  other 
localities,  they  show  an  interesting  similarity  in  structure  and 
occurrence.    Specimens  of  this  class  of  rock  have  been  observed 
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in  but   few  Icoalities  in  the  neighborhood  of  Fourche  Moun* 
tain  and  even  tbene  they  are  far  from  being  well  exposed. 

They  occur  in  the  immediate  neighborhood  of  the  eleolite 
syenite  dikes  at  the  southeast  comer  of  the  mountain  and  cover 
about  4  hectares  (10  acres)  of  surface,  but  the  weathering  which 
has  taken  place  has  been  so  complete  that  the  character  of  the 
rock  can  only  be  determined  through  the  occasional  occurrence 
of  loose  blocks.    (See  p.  25). 

b.    Macroscopic  and  Microscopic  Description. 

The  rock  presents  a  greenish  blacky  greenish  gray  or 
purplish  appearance  and  is  characterized  by  small  idiomorphic^ 
glassy  phenocrysts  of  orthoclase  (sanidine)  lying  in  a  macrosco- 
pically  dense  gfoundmass.  The  orthoclase  is  remarkable  on 
account  of  its  extremely  tabular  form.  *  It  is  tabular  parallel 
to  the  clinopinacoid  (010)  and  its  thickness  is  generally  not 
more  than  one- tenth  its  greatest  lateral  diameter.  Thua 
crystals  are  commonly  found  which  are  5mm  in  any  direction 
parallel  to  the  symmetry-plane  and  not  more  than  0.6mm  in  a 
direction  at  right  angles  to  it.  Even  these  extremely  thin 
crystals  are  usually  twinned  according  to  the  Carlsbad  law. 

Pyroxene  crystals  of  macroscopic  dimensions  often  appear 
as  minute,  greenish  prisms  and  in  some  cases  biotite  plates  occu% 
but  in  other  specimens  this  mineral  is  entirely  wanting. 

Under  the  microscope  this  rock  is  seen  to  be  made  up  of  the 
already  enumerated  phenocrysts,  including  also  sodalite  and 
eleolite  or  nepheline,  lying  in  a  holoorystalline  groundmass^ 
made  up  of  eleolite  or  nepbeline,  orthoclase  and  minute,  but 
idiomorphic  pyroxene  and  amphibole  crystals.  In  some  cases 
these  latter  minerals  have  been  replaced  by  chlorite. 

Orthoclaae  is  by  far  the  most  important  mineral  among  the 
phenocrysts.     It  is   fiat   tabular,   as  has   been    described,   and 

•  Brdgger  (Syenitpegmatlgftnse,  p.  88)  deseribei  a  ''nepheHnrhombenporphyr'*  of  a 
▼iolet-gray  color  which  la  oharactoriaed  by  pheDocryits  of  a  graenlah  gray  soda  orUioclaae  and 
mieroparthite  lying  in  a  denae,  nephalinitlo  groandmaaa.  The  oharactariaUo  rhombic  form 
of  tha  phanoeryata  which  give  to  the  Norwegian  rock  ita  name  doaa  not  appear  in  the  ArkaoMw 
rock  bat  ii  replaced  by  a  tabular  form,  and  the^  rock  la  oonaidered  an  eleolite  tlagoAite.  (See 
Chap.  YIL  n.  B.  4). 
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resembles  saaidine  both  in  its  external  appeai^nc^^  and  in  its 
optic  properties.  Its  doable  refraction  is  abnormiiHy  low  and 
the  optic  axis  angle,  although  varying  very  mncti.Vbjt:  different 
apecimens,  is  generally  qaite  small  and  in  one  case'^OEis  been 
found  to  be  zero  for  white  light.  The  plane  of  the  optic,  axes 
has  been  observed  in  most  cases  to  lie  at  right  angle&.to..the 
symmetry-plane,  but  exceptions  to  this  rule  have  been  fo»^d. 
Carlsbad  twins  are  very  common  and  in  one  case  a  twin  according 
to  the  Baveno  law  has  been  observed.  While  the  majority  of  these-' 
feldspars  are  fresh  and  undecomposed,  some  of  them  show  the*', 
beginning  of  kaolinization  by  becoming  opaque  in  spots  and 
losing  their  sanidine-like  appearance.  In  a  very  few  cases  an 
indistinct  microperthitic  structure  has  been  observed,  but  in 
general,  the  crystals  appear  to  be  completely  homogeneous. 

EUoUJte  or  nephdine  appears  under  the  microscope  in  the 
form  of  hexagonal  sections  which  remain  dark  during  a  complete 
revolution  of  the  stage,  and  as  weakly  polarizing  polygonal 
sections  of  either  quadrangular  or  irregular  forms.  In  size  the 
hexagons  seldom  exceed  half  a  millimeter  in  diameter  and  are 
usually  somewhat  smaller  than  the  sodalite  crystals.  An  in- 
distinct cleavage  parallel  to  the  sides  of  the  hexagon  is  generally 
visible.  The  hexagonal  sections  give  no  distinct  cross,  but  this  is 
probably  due  to  their  extreme  thinness  and  to  the  weak 
-double  refraction  exhibited  by  this  mineral.  In  the  sections 
inclined  or  parallel  to  the  principal  axis  the  negative  character 
of  the  double  refraction  is  easily  determined  by  means  of  a 
eelenite  plate.  From  the  general  character  of  these  crystals  and  of 
those  to  be  described  later  under  the  head  of  ^'  groundmass,''  it 
appears  that  they  should  be  considered  as  nepheline  rather  than 
as  eleolite. 

Sodalite  occurs  in  comparatively  large  (0.6mm)  phenocrysts 
whose  sections  are  usually  six-sided.  They  are  perfectly  fresh 
and  between  crossed  nicols  remain  dark  during  a  complete 
revolution  of  the  microscope- stage.  Even  by  means  of  a  selenite 
plate  no  double  refraction  whatever  is  detectable.  Distinct 
-cleavage  in  any  definite  direction  is  wanting,  but  a  few  irregular 
cracks  are  visible.     Inclusions  are  numerous  and  consist  prin- 
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oipally  of  gail^pdres  and  a  few  minate  crystals  of  orlhoclase  and 
of  flBgirite;***. 

Tbiia***mineral  was  determiDed  to  be  sodalite  from  the^ 
followib^/ facts :  the  absence  of  all  optic  anomalies,  and 
the* presence  of  chlorine  and  the  absence  of  sulpharic  acid  in  the- 
rook  io*  which  it  occurs.  In  nroof  of  this  last  statement  some  of 
t&is*/rock  was  finely  powdered  and  a  portion  of  the  powder- 
^wSfid  heated  with  nitric  acid,  and  filtered ;  the  filtrate  tested  with 
'-.'tfilTer  nitrate  (A^NO,)  gave  a  decided  reaction  for  chlorine,  la 
-  V*^nother  portion  which  was  boiled  with  hydrochloric  acid  and 
•'*.  tested  with  barium  chloride  (BaCI,)  no  formation  of  bariunv 
snlphate  was  observed,  thus  excluding  the  possibility  of  the^ 
presence  of  haiiyne.  A  portion  of  the  hydrochloric  acid  solution 
evaporated  to  dryness  showed  numerous  small  cubes  of  salt 
under  the  microscope.  These  were  probably  due,  however^ 
rather  to  the  nepheline  than  to  the  sodalite,  and,  in  fact,  were  it 
not  for  the  chemical  tests  described  above,  all  of  the  hexagonal 
sections  would  probably  have  been  considered  as  belonging  to- 
the  former  rather  than  to  the  latter  mineral. 

Pyroxene  occurs  as  phenocrysts  some  of  which  are  as  much, 
as  1mm  in  length  and  a  quarter  of  a  millimeter  in  width.  They 
are  terminated  by  the  faces  ooP(llO),  ooPdb  (100),  oo Pdb  (010> 
and  an  acute  pyramid,  perhaps  6P  (661),  which  makes  an  angle 
of  approximately  12°  with  the  vertical  axis.  They  are  of  a 
bright  yellowish  green  color  and  are  quite  pleochroitic ;  the- 
variation  in  colors  is  between  yellow  and  bluish  green  as^ 
follows : — 

polarized  parallel  a  bluish  green. 

polarized  parallel  b  olive-green. 

polarized  parallel  c  yellow. 

The  relative  absorption  is  expressed  by  the  formula  a>B>c* 
The  extinction  angle  in  sections  parallel  to  ooPcSo  (010)  is  about 
8°.  All  these  characteristics  point  toward  aegirite  as  the  subdi- 
vision of  the  pyroxene  group  to  which  this  mineral  belongs. 
In  some  cases  a  very  narrow  twin  plate  occurs  lying  parallel  to 
the  orthopinacoid  (100.)  In  the  cases  observed  this  plate  waa 
not   more    than   0.04  of  the  thickness   of  the   main   cryetaU 
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Ampkibole,  althoagb  not   appearing   aa  single  individuals 
among  the  phenociysts,  has  been  ob- 
aerved  surrounding  segirite  in  a  parallel 
position  and  in  some  cases  it  is  afirain 
in  turn  surroanded  hf  tbe  latter. 

Id  the  aooompanyiug  figure  (Fig.  6) 
the  cleavage  cracks  show  distinctly  the 
relative  positioDS  and  physical   proper-       ^^^  ■■  ^rtruinirnnaitii 
tiesotthetwo  minerals.     I  he  amphi- Me,  im<i  ihm  agatm  by  »tMu. 
bole  is  much  more  pleochroitic  than  the  <  "■  *> 
ngirite,  but  in  the  same  aeuae:     thus  in  tbe  case  of  ampbibole 
b>a,  and  b^blniBb  green;  a:=yellow;  c^(?)*. 

Tbe  yellow  of  tbe  ampbibole  corresponds  exactly  with  that 
of  tbe  legirite  so  that,  when  tbe  section  is  ao  situated  that  the 
symmetry-planes  of  both  crystals  lie  parallel  to  tbe  plane  of  the 
lower  nicol,  do  difference  in  color  between  the  two  minerals  caa 
be  detected.  Tbe  ampbibole  resembles  very  closely  that  found 
in  some  of  the  preceding  rocks  and  hence  it  may  be  assumed  to 
approach  arfvedaonite  in  composition. 

Biotite,  when  it  occurs,  forms  lung  thin  sections  which  are 
very  pleochroitic,  the  absorption  of  light  being  almost  totat 
parallel  to  the  base  (001).  These  crystals  are  often  macb  cor- 
roded and  are  usually  associated  with  fluorite  and  apatite. 

TUanile  crystals  occasionally  appear,  but  are  by  no  means- 
common. 

Tbe  phenocrysts  in  this  rock  are  usually  found  scattered! 
singly  through  the  base  and  are  not  at  all  frequent  In  tbe  case 
of  tbe  orthoclase  it  is  not  uncommon  to  find  two  or  three  crystals- 
close  together  forming  an  approximately  triangular  group,  but 
tbe  Kgirite  appears,  almost  without  exception,  in  isolated  crystals.. 

Under  the  microscope  the  growidmasa  is  seen  to  consist  of  a 
mass  of  abort,  rectangular  or  hexagonal  sections  of  eleolite 
(nepbeline),  which  are  separated  from  each  other  by  an 
extremely  finely  crystalline  residual  base,  which  is  interspersed 
"with  minute  prisms  of  pyroxene  and  ampbibole. 
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The  hezafs^nal  prisms  of  eleolite  or  oepheline  contained 
in  the  gronndm  ass  are  about  as  wide  as  they  are  long  and 
measure  as  a  maximum  0.08mm  in  diameter.  They  are  some- 
what stronger  in  their  double  refraction  than  the  phenocrysta, 
and  while  those  of  the  older  generation  are  almost  free  from 
inclusions  of  other  minerals,  those  of  the  yonnger  generation  are 
characterized  by  large  quantities  of  included  basic  silicates  of  the 
second  generation.  The  eleolite  (oepheline)  of  the  groundmass, 
besides  being  pierced  by  the  minute,  acicular  basic  silicates,  is 
also  often  bordered  by  them  and  the  whole  section  presents 
what  Boricky  described  as  a  'Vegetable  cellular  structure"^ 

The  basic  silicates  of  the  groundmass  consist  of  both 
pyroxene  and  amphibole  which  occur  in  microscopic,  idio- 
morphic  crystals.  The  pyroxene  occurs  in  slender  prisms  COS 
to  0.1mm  long  and  are  terminated  by  rather  flat  pyramids. 
They  are  very  pleochroitic  and  give  the  absorption  relations  and 
color  changes  of  eegirite.  The  extinction  angle  in  the  clinopin- 
acoid  (010)  is  about  6°.  The  amphibole  occurs  in  thicker 
prisms  which  seldom  exceed  0.05mm  in  length.  In  these  the 
pleochroism  is  even  more  decided  than  in  the  eegirite  but  shows 
a  variation  between  the  same  colors.  Many  sections  at  right 
angles  to  the  pri^m  zone  have  been  observed  in  which  the 
characteristic  angle  of  124°,  included  between  the  prism  faces  as 
well  as  the  cleavage-cracks  parallel  to  them,  was  measured.  The 
extinction  angle  in  plates  parallel  to  the  clinopinacoid  (010)  has 
been  measured  in  a  few  instances  in  which  it  was  found  to  be  as 
much  as  20°,  but  in  general  it  is  less  than  this.  This  mineral 
should  probably  be  referred  to  the  arfvedsonite  group.  Both  of 
the  basic  silicates  are  rich  in  gas  and  fluid  inclusions. 

The  residual  base,  which  in  some  cases  shows  a  decided 
fluidal  structure  about  the  phenocrysts  and  even  about  the 
larger  of  the  secondary  eleolites  (nepheline),  is  resolvable^ 
under  the  very  highest  powers  of  the  microscope,  into  double 
refracting  bars  which  have  an  oblong  form  and  a  parallel  extinc- 
tion when  examined  in  polarized  light.     They  are  negative  in  the 

•  Rosenbttscb  Phy§iographl6  Band  II.,  p.  62«.     These  are  shown  In  Plate  V.,  Flgare  8, 
of  the  same  work. 
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'Character  of  their  doable  refraction  and  appear  as  though  they 
might  be  eleolite  (nepheline)  of  a  third  generation.  Whether 
«ny  true  glass  is  present  between  these  indistinct  crystals  is 
«  qaestion  which  it  is  difficult  to  answer  with  certainty.  It  is 
probable,  however,  that  aU  of  the  bcLse  ia  crystalline. 

In  some  specimens,  a  groundmass  has  been  observed  in 
which  the  basic  silicates  of  the  second  generation  do  not  appear » 
but  are  replaced  by  a  brownish  or  greenish  decomposition 
product  of  some  sort  —  perhaps  chlorite.  It  shows  a  spheru- 
litic  arrangement  of  the  light  colored  crystalline  components  of 
the  groundmass  which  are  probably  feldspatbic  in  their  charac- 
ter. In  such  sections  the  phenocrysts  of  eleolite  (nepheline)  or 
sodalite  have  weathered  to  such  a  degree,  that  none  of  the  origi- 
nal  substance  remains,  and  their  former  existence  can  only  be 
inferred  from  the  presence  of  hexagonal  forms  filled  with  calcite 
and  undetermined  zeolites.  Purple  fluorite  and  small  apatite 
crystals  also  occur  in  this  rock. 

Specimens  like  those  just  described  are  associated  with  the 
-more  distinctly  crystalline  type  from  the  southeast  corner  of  the 
Fourche  Mountain  region  and  also  from  near  the  top  of  Allis 
Mountain  at  the  point  where  the  pulaskite  comes  in  contact  with 
the  sandy  shale.  At  this  point  specimens  have  been  found  in 
which  one  side  of  the  rock  is  a  typical  example  of  pulaskite, 
while  the  other  side  consists  of  a  porphyritic  rock,  similar  to 
some  of  the  varieties  of  tingndite  just  described,  but  containing 
less  eleolite  (nepheline)  and  approaching  an  aegirite  tinguaite  in 
*oomposition. 

In  many  respects  the  rocks  of  the  varieties  just  described 
resemble  phonolites,  but  their  occurence  as  border  or  porphyri- 
tic types  of  the  pulaskite  or  eleolite  syenite,  places  them 
in  the  group  known  as  the  tinguaite  group. 

Of  this  group  Bosenbusch  says  (Mikrosk.  Physiog.  Band.  II. 
p.  627)  :  ^^A  peculiar  rock  which  is  not  properly  classed  with  the 
phonolites,  but  belongs  rather  with  the  eleolite  syenites,  and 
which  cannot  be  distinguished  macroscopically  from  the  former, 
-occurs  in  dikes  associated  with  the  eleolite  syenite  of  Portugal, 
Brazil,  etc.    It  is  characterized  by  its  want  of  fluidal  structure. 
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It  has  a  bypidiomorphic  aod  occasionally  a  panidiomorpbio 
granular  structnre  similar  to  tbat  of  aplite,"  Brogger  (Syenit- 
pegmatitgange^  p.  40)  describes  a  similar  rock  from  Norway. 

Otber  varieties  of  this  tinguiitic  rock  occur  in  this  region^ 
in  which  eleolite  or  nepheline  are  entirely  wanting  bat  which 
probably  originally  contained  a  glassy  base  that  has  now  become 
cry ptocrystal line.  Orthoclase  or  sanidine  and  segirite  form  the- 
only  large  constituents  of  the  rock  and  are  imbedded  in  the 
oryptocrystalline  groundmass  just  mentioned.  Professor  Kos- 
enbuscb  kindly  examined  a  specimen  of  this  rock  and  informed 
the  writer  that  it  presents  a  great  similarity  to  the  rocks  froi& 
Minas  Geraes,  Brazil|  described  by  Machado.* 

III.      PETSOOBAPHIC     DE8CBIPTI0N     OF    THE     AUGITIC     R0GE8«. 

?i  "  In  the  Fourche  mountain  region  these  rocks  occur,  as  far- 
as  has  been  observed,  only  about  the  southern  end  of  the  '^cove.'^ 
They  extend  for  some  distance  along  the  eastern  side  of  Allia 
Mountain  from  near  its  southern  extremity,  as  is  indicated  oa 
map  II, 

Macroscopically  these  rocks  appear  to  be  of  a  black,  or  very- 
dark  bluish,  or  reddish  brown  color,  and  are  generally  charac- 
terized by  large,  distinct  augite  crystals.  The  rock  is,  however^ 
very^vasiable  in  its  appearance,  in  some  cases  being  very  com- 
pact and  fine  grained,  and  in  other  cases  showing  large  pheno- 
crysts  of  augite,  or  of  biotite.  These  two  minerals  appear  to 
alternate  with  each  other  in  forming  the  phenocrysts,  for  first 
one  and  then  the  other  is  found  to  predominate;  yet  no 
genetic  distinction  between  the  two  rocks  can  be  detected.  It 
is  probable,  however,  that,  if  the  whole  top  of  the  hill  could  be 
cleared  of  the  immense  mass  of  loose  boulders  and  soil  which 
covers  it,  these  rocks  would  be  found  to  have  been  formed  from 
variations  of  the  same  magma  which  have  solidified  under 
different  physical  conditions.  However,  be  that  as  it  may^ 
all  that  can  now  be  determined  is  that  among  these 
boulders  first  one  type   and   then    the    other    is   found,  and 

^fieitrag  sur  Fetrographie  der  sfldweatlicheD  Qrenxe  cwi^chen  Mlnaa-G«rae8  and  8>. 
Paulo  TOO  J.  Machado.    Min.  u.  Petrog.  Mittb.,  Band  IX.,  1888,  p.  347. 
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that    at  one    point  one  type  predominates,  while   at  another 
the    other     is    more     conspicuous.       An    attempt    has    been 
made  to  indicate  this  on  the  map,  but  from  the  nature  of  the^ 
occurrence  of  these  rocks  no  great  reliance  can  be  placed  upon, 
such  a  division. 

In  many  respects  these  rocks  present  a  great  similarity  ta 
the  dike  rocks  described  by  Prof.  J.  F.  Kemp,  of  Cornell 
University,  in  chapters  XII.  and  XIII.  of  this  report.  In 
the  description  of  the  individual  minerals,  etc.,  reference  wilL 
be  made  as  far  as  possible  to  Kemp's  description,  in  order  to. 
avoid  unnecessary  repetition. 

1.  Fourcbite.* 

These  rocks  are  macroscopically  as  well  as  microscopically^ 
distinctly  porphyritic  and  their  structure  may  now  be  described 
as  holocrystalline,  although  it  was  probably  originally  hypo- 
crystalline.  In  general  they  show  large  augites,  sometimes  as, 
much  as  25  to  80mm  in  diameter,  imbedded  in  a  dull  black 
groundmass.  On  weathered  surfaces  these  augites  retain  their 
black  color,  while  the  gruundmass  becomes  brownish  yellow,  thus, 
showing  more  distinctly  than  ever  the  porphyritic  character  of 
the  rock. 

Augite  crystals  make  up  about  75  per  cent  of  the  rock  and 
although  in  general  corresponding  very  closely  to  those  described 
by  Kemp,  they  di£fer  from  them  in  some  minor  characteristics*. 
The  twinning,  which  is  rather  uncommon  in  the  dike  augites,  is 
here  of  very  common  occurrence.  Crystals  made  up  of  two. 
halves,  twinned  parallel  to  the  orthopinacoid  (100)  are  of  fully 
as  frequent,  if  not  more  frequent,  occurrence  than  single  crystals. 
The  violet  color  is  more  marked  in  these  than  in  the  crystals, 
described  by  Kemp,  but  the  extinction  angle  in  plates  parallel 
to  ooPic  (010)  is  about  the  same.  One  of  the  most  common, 
and  at  the  same  time  the  most  striking  characteristics  of  these 
augites   is  their   beautiful  ''hour-glass    structure.'^        lu    many 

^ThU  rook  is  naned  from  Fourche  Moantaia  (p.  19,  loot  note)  which  receiTed  Its  name, 
from  Foorche  Bajoa,  and  this  in  turn  was  named  by  the  early  French  explorers  Fburehe  oiv 
aocoant  of  its  many  forks.    The  name  is  pronounced  in  English  as  in  French. 
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-orjrstalB  (Fig.  6)  tbis  is    shown    by  a    complete  chaoge  of 


oP- 


color  between  crossed  □icols,  so  that,  while  the 

sides  (£)  are,  for  example,  a  brownish  parple 

the  bonr-glass  shaped  ends  {A)   are   a  brilliaot 

yellow.      The  lonal  struotare  noted  by  Kemp 

appears  also  in  these  crystals  and  is  continued 

through  the  honr-glass  sectors  without  inter- 

ruptioD, 

Scattered  throoirh  the  rock,  end  in  many 
Flf,  ■.    SmKm  tfau-  .         .  .  .  -  . 

■put  (ti  M  010)  «■  jHij.  cases  forming  an  important  constituent  of  it, 
vritM  light,   Mhmci^g  gfe  Small,  irreealarly  shai>ed,  yellowish,  trana- 

lioiir-gtatM     end     tonal  >  o  J  I        i    J  i 

tinutm.  parent    grains,     which    seldom    exceed    0.005 

A.    Yellow  betwstDQi^  jj,   diameter   and  are  often  much  smaller, 

'CIMMd  BlaoT. 

A.  BnwDiihpnrpitThey  have  a  high  index  of  refraction  and  stand 
■bwiriKi  «ro«Md  niMi.  q„(.  Nearly  from  the  general  enrfiiee  of  the  sec- 
tion, presenting  the  appearance  of  small  round  globules.  Since 
they  show  a  decided  double  refraction  it  is  probable  that  thej 
are  titanite  or   leucoxen   of  secondary  generation. 

The  ffroundmass  of  even  the  freshest  specimens  shows  a 
very  complete  alteration.  It  is  filled  with  a  dark,  reddish 
brown  material,  which  is  a  hydrous  oxide  of  iron,  in  which 
lighter  spots,  showing  double  refraction,  are  observable.  The 
'Small  highly  refracting  decomposition  grains  noted  above  are 
also  very  common.  There  is,  at  least  at  the  present  time,  no 
^lass  remaining,  but  it  is  probable  that  the  fine  grained  ground- 
mass  solidified  originally  as  a  glass  and  has  since  been  altered 
io  a  crystallioe  mass.  If  perfectly  fresh  specimens  of  this  rock 
could  be  obtained  it  is  possible  that  a  still  glassy  base  might  be 
found. 

An  analysis  of  some  of  the  freshest  of  this  rook  was 
made  by  the  Survey,  W.  A.  Noyes,  analyst,  and  the  alkalies  were 
■determined  by  R.  N.  Brackett. 

Analysis  of  fourchUe  from  Fourdie  Mountain,  Arkansas. 

8iO 42.08 

AljO, _  18.60 

TIO, 8.70 
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FeA « 7.66 

FeO 6.66 

FeS, 0.56 

CaO 14.15 

MgO 6.41 

MnO -  trace 

K,0 0.97 

Na,0 1.83 

NaCl 0.05 

SO, 0.08 

PA 0.57 

H,0  (Ignition) 1.08 

Total 99.23 

H.  Bosenbnsch  in  connection  with  M.  Hanter  has  lately^ 
published  a  paper  entitled  '*  Ueber  Monchiquite,  ein  camp- 
tonitisches  Ganggestein  aus  der  Gefolgschaft  der  Elaolith- 
Bjenite/'  *     He  makes  a  new  group  of  those  older  dike  rocks, 
which  are  always  intimately   connected  with  the  eleolita 
Byenites,  and  names  them  monohiquUeB  after  the  Serra  de 
Monchiqae   in    southern  Portugal    where    they  occur  ^  in 
typical  dikes.    Bosenbusch  considers  these  as  made  up  of  a 
porphyritic  combination  of  olivine,  augite,  and  a  glassy  base, 
with  which  may  be  associated  either  hornblende,  or  mica,  or 
both  these  minerals  together.    The  glassy  base  often  includes 
minute  crystals  of  plagioclase  and  occasionally  of  nepheline.. 
Sosenbusch  remarks  that  as  yet  a  separation  of  these  rocks 
into   smaller   groups    does    not    seem   advisable,  but    he- 
mentions  the  follow  divisions  which  might  be  made  : — 

Monchiquite, 

Biotite  monchiquite, 

Amphibole  monchiquite, 

Amphibole  biotite  monchiquite. 

The  writer  of  this  report,  in  connection  with  Prof.  J.  F. 
£emp  and  before  seeing  Professor  Bosenbusch's  work  upon 
monchiquite,  had  already  described  and  classified  the  augitic 
rocks  from  the  eruptive  areas  of  Arkansas  in  somewhat  the 
same  way,  and  had  proposed  certain  local  names  to  be 
applied  to  them. 

•  Mlsenl.  and  p«trograph.  Mitthetl.,  Btnd  XI.,  1890,  p.  446. 
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Bosenbusoh  (Physiographie,  Band  II.|  p.  821)  describes 
varioQs  dikes  from  the  eleolite  syenite  region  near  Rio  de 
Janeiro,  Brazil,  and  especially  from  the  Serra  de  Tingail  under 
the  head  of  augitite,  and  mentions  their  similarity  to  the  dikes 
described  by  van  Werveke  from  the  foyaite  formation  in  the 
Serra  de  Monchique  in  southern  Portugal.  The  Brazilian  dikes 
are  often  without  olivine  and  form  an  olivine-free  class  of 
the  rock  that  Bosenbusch  calls  monchiquite.  It  is  to  this  class  of 
olivine-free  monchiquite  that  the  writer  has  given  the  name 
fourchite. 

Some  specimens  of  the  more  important  types  of  fourchite 
were  sent  by  the  writer  to  Professor  Bosenbusch  who  kindl7 
examined  them  and  expressed  his  opinion  that  they  belonged 
to  the  monchiquite  group,  but  that  they  were  in  certain 
respects  diflFerent  from  any  specimens  that  he  had  seen.  In 
view  of  these  relations  these  rocks  have  been  included  under 
Bosenbusch's  monchiquite  group  and  since  they  are  for  the 
most  part  either  very  poor  in  olivine,  or  completely  free  from 
that  mineral,  an  olivine-free  type  has  been  made  and  coordinated 
with  the  olivine  monchiquites.  It  bears  much  the  same  relation 
to  them  that  augitite  does  to  limburgite  in  the  group  of  effusive 
Bon-feldspathic  rocks.  The  subdivision  of  this  group  into 
biotite,  amphibole,  and  biotite-amphibole  types  was  already 
oompleted  before  Professor  Bosenbusch's  paper  on  monchiquite 
appeared,  so  that  it  only  remained  to  group  them  systematically 
and  in  correspondence  with  the  monchiquite  rocks.  The  follow- 
ing scheme  of  arrangement  is  suggested : — 

Monehiquite  Oroup.     (Roaenbuach,  1890). 


CoiTTAiiniio  Olivimb. 


•Monclilqultc(Rosenbatoh,  1890) 


Amphibol«  monchiquite^ .. ....... 

Bioiito  monobiqaite... 

-AmpbiboU  blotiie  monchiquite 


Glassy  Bass  akd  Minbhals: — 


Auglte^ 

Amphibolo  andangite, „ 

Blotlte  and  auglte 

Amphlbole,  biotlto  andauglta^ 


Ouvimb-Fbkb. 


Fourchite  (J.  F.Willlams,1890) 
[Augitite  from  Serra  de  Tin- 
gu&  (in  part).     Bosenbusch] . 

Amphlbole  fourchite. 

Onachitite  (Kemp,  1890). 

Amphlbole  ouachitifce. 


In  order  to  show  the  close  chemical  relation  which   exists 
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Ill 


!>etween  the  fourchite  and  the  trae  olivine  monohiquites,  the 
following  analyses  whieh  are  taken  mostly  from  the  Bosenbasch 
paper  are,  for  the  sake  of  comparison,  set  side  by  side  with 
those  from  Arkansas. 

Analyses  of  manchiquite  and  fourchite. 


L 

II. 

ITT. 

lY. 

V. 

VI. 

VII. 

COFSnTUXVTS. 

1 

lis 

til 

< 

• 

a 

1 

• 

J 

f 

a 

i 

II 

•s 

d 

1 

a 
6 

•Pin                

42.06 

18.60 
8.70 

17.66 
6.66 
0.66 

14.16 
6.41 
trace. 
9.97 
1.88 
0.06 
0.06 
0.67 

1.06 

48.60 

18.06 

2.10 

7.62 

7.64 

46.48 

16.16 
0.99 
6.17 
6.09 

48.74 
14.82 
2.80 
2.40 
IM 
0.10 
10.81 
6.98 

41.94 

16.86 

4.16 

8.27 

9J9 

40.96 

16.46 

8.89 

18.47 

40.42 
28.36  (2«) 

FeO 

FeSt 

•CtO — 

MbO 

18.30 
8.47 

7J6 
4.02 

9.47 
6.01 
0.26 
0.19 
6.16 

10.68 
6.10 

0.88  (1«) 
1.28 
4.00 

11.25 
9.07 

1.80 
2.00 

8.08 
6.86 

2.90 

8.06 

trace. 

NidT... 

•sn 

p  n 

0.64 
2.94 

0.29 

H.O(diract) 

1.22 

4.27 

8.29 

5.22 

Ignition^.. 

3.84 

0.46 

1.60 

2.47 

1  63 

Total 

99.23 

100.20 
8.051 

100.91 
2.786 

100.28 
2.914 

100.44 

100.63 

(    2.927 

]       ^ 
(    8.006 

94.86  (8«) 

•SpeeMo  grarity. 

{!*)    CoDiains  alao  CoO. 
(2«)    OoBtaios  alao  Cr«Oa. 

(8*)    This  analysis  foots  up  to  95.86  bat  it  is  giren  as  it  appears  io  Bosenbusch's  paper, 
■eince  the  original  article  bj  Hussak  is  not  accessible  to  the  writer. 

I.    Fourchite  from  Fourche  Mt.,  Ark.,  by  Brackett  and  Noyes. 
n.    Amphibole  monohiquite  from  Magnet  Cove,  Ark.,  by  W.  A. 
Noyes.    (Chap.  VII.,  m.  A). 
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m.  Monchlquite  from  Santa  Cruz  By.,  Sao  Paulo,  Brazil,  by 
M.  Hunter.    (Min.  Petr.  Mittb.,  Band  XI.,  1880,  p.  454). 

TV.  Mooobiquite  from  Rio  do  Ouro,  Serra  de  TingoiL,  Brazil,  by 
P.  Jannaseh.    (ibid.  p.  464). 

V.  Gamptonite  from  New  Hampshire,  by  Q,  W.  Hawes,  (Am. 
Jour.  Hci.,  Series  3,  Vol.  XVII.,  1879,  p.  147). 

VI.  Gamptonite  from  Montreal,  Canada,  by  B.  J.  Harrington » 
(N.  Jabrb.  f.  Min.,  1888,  Band  I.,  p.  248). 

VII.  "Pikrite  porphyry^'  Steierdorf  in  the  Banat,  Hungary,  by 
by  E.  Hussak,  (Verb,  d.k.k.  geol.  Beicbsanstalt,  1881,  p.  262). 

B.    Amphibole  Ouacbitite. 

The  amphibole  oaaohitite  includes  those  varieties  of  augitio 
rocks  which  contain  phenocrysts  of  biotite  and  hornblende,  as 
well  as  augite,  lying  in  a  fine-grained  or  glassy  groundmass* 
The  biotite  and  augite  are  easily  seen  with  the  naked  eje,  for 
they  form  idiomorphic  crystals,  often  quite  large,  but  not  as  large 
as  the  individuals  found  in  the  fourchite  just  described. 

Under  the  microscope  the  phenocrysts  are  seen  to  lie  in  an 
extremely  fine-grained,  but  now  completely  holocrystalline 
groundmass  which  was  probably  originally  a  glass. 

Augite  is  by  far  the  most  important  mineral  constituent  of 
the  rock,  but  it  would,  however,  in  this  case  hardly  make  up  20 
per  cent  of  the  total  mass.  The  crystals  are  usually  fresh  and 
in  all  respects  essentially  the  same  as  those  described  above 
(p.  107), 

In  a  few  cases  perfectly  fresh,  small  augite  crystals  have 
been  observed  filling  what  is  apparently  the  space  which  was 
once  occupied  by  some  other  mineral.  They  are  radially 
arranged  in  the  center  of  the  crystals  and  those  about  the  sides 
stand  at  right  angles  to  the  edges.  It  is  possible  that  they 
take  the  place  of  decomposed  augite  phenocrysts  or  of  olivine. 

Hornblende  occurs  in  the  rock  in  much  smaller  quantities 
than  the  augite  and  forms  crystals  which  seldom  exceed  0.4 
mm  in  length.  It  is  easily  detected  under  the  microscope  by 
its  reddish  brown  color,  strong  pleochroism  and  cleavage-cracks 
which  make  an  angle  of  about  124°  with  each  other.  It  belongs 
to  the  variety  known  as  basaltic  hornblende.  The  crystals  are  of 
a  short  prismatic   habit  and,  although  they  have  been  much 
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corroded  bj  the  magma  and  are  roanded  on  the  corners,  they 
still  show  that  the  prism  (110)  and  clinopinacoid  (010)  faces 
originally  existed.  This  corrosion  has  given  rise  to  a  peripheral 
zone  which  appears  to  be  quite  distinct  from  the  rest  of  the 
crystal,  bat  still  consists  of  hornblende  substance  mixed  with 
some  magnetite.  Inside  of  the  crystals  themselves  a  succession 
of  dark  brown  concentric  bands  appear  forming  a  beautiful 
zonal  structure.  In  some  cases  twins  parallel  to  the  ortho- 
pinacoid  (100)  have  been  observed.  The  pleochroism  is  very 
strong  and  is  represented  by  the  following  formula : — 

parallel  c=dark  reddish  brown, 
parallel  a=yellow. 

The  hornblende  includes  magnetite  in  dust-like  grains  and 
occasionally  shows  liquid  inclusions  of  some  size.  From  its 
mode  of  occurrence  and  general  appearance  the  hornblende  is 
probably  to  be  considered  as  the  oldest  constituent  of  the  rock> 
after  the  metallic  oxides. 

Biotite  occurs  in  thin  plates  which  are  often  quite  large. 
This,  like  the  hornblende,  has  been  strongly  acted  upon  by  the- 
magma  and  shows  resorptioa  bands.  It  is  of  a  reddish  brown  or* 
yellow  color  and  is  very  pleochroitic.  Its  optic  characteristics 
are  normal. 

The  groundma^s  of  the  rock  consists  of  minute  hornblende 
and  augite  crystals  associated  with  magnetite  in  large  quantities* 
The  small  highly  refracting  globules  already  described  (page  108) 
appear  here  in  great  numbers.  As  a  background  or  base  for  all 
these  minerals,  there  is  found  a  colorless  substance,  showing  a. 
very  low  refractive  index  and  a  comparatively  weak  double  re- 
fraction. When  examined  between  crossed  niools  and  under  a 
very  high  power,  it  is  seen  to  consist  of  a  mass  of  minute 
crystals  which  are  negative  in  their  double  refraction  and 
have  small  angles  of  extinction.  Their  boundaries  cannot 
be  definitely  determined,  but  the  direction  of  the  greatest 
elongation  and  of  the  indistinct  cleavage-cracks  has  been  taken 
as  the  probable  direction  of  the  principal  axis.  It  would  appear 
from  these  characteristics  that  some  feldspathic  mineral  is 
present.    No  twinning  lamellse  were  observed,  but  it  is  probable 

8  Gtotogtoal;  VoL  IL,  1«90. 
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from  the  latb-like  shape  of  the  crystals  that  the  feldspar  is  m 
plagioclase  which  was  formed  by  the  devitrification  of  an  original 
glass.  The  occarrence  of  hornblende  and  of  biotite  and  the 
possible  presence  of  a  glassy  base  indicate  that  a  rock  corre- 
sponding to  the  third  variety  of  Bosenbosch's  .monchiqaite 
group  (loc.  cit.  p.  450)y  the  biotite  amphibole  monchiqaitCi  b  at 
without  olivine,  is  under  consideration.  This  would,  therefore^ 
according  to  the  nomenclature  adopted  for  these  rocks,  be  an 
amphibole  biotite  fourohite  or,  more  simply  expressed,  an  amphi- 
bole on  ichitite. 

C.    Moncbiquite  (?). 

Some  specimens  occur  at  the  south  end  of  the  *^  trap ''  area  on 
AUis  Mountain,  which,  although  much  weathered,  still  indicate 
that  they  belong  to  a  somewhat  diflFerent  type  from  those 
rocks  already  described.  These  rocks  are  remarkable  not 
only  on  account  of  the  peculiar  and  rather  uncommon  pseudo- 
morphs  of  mica  after  augite  which  they  contain,  but  also  on 
account  of  the  large  quantities  of  the  already  described  globular 
tttaniferous  mineral  which,  in  this  case,  sometimes  attains  a 
<]iameter  of  0,01mm  and  is  more  sharply  defined  than  in  the 
preceding  rocks. 

Pseudomorphs  of  mica  after  augite  frequently  occur  in  this 
rock  and  are  even  macroscopically  easily  recognizable.  The 
crystals  are  1  to  1.5mm  in  length  and  nhow  the  original  faces 
ooP  (110),  ooPcx)  (100),  ooPc5o(010),  OP  (001),  -P(lll)  and 
also  some  dome  faces  in  the  ortho-zone.  In  a  few  instances  the 
•central  portion  of  the  crystal  remains  undecomposed,  but  in 
most  cases  the  alteration  is  complete  throughout  the  whole 
•crystal.  In  those  cases  where  the  central  portion  of  the  crystal 
still  remains  unaltered  it  is  seen  to  have  been  completely  freed 
from  iron,  so  that  it  appears  colorless  and  is  absolutely  non-pleo- 
•chroitic.  Where  the  alteration  has  taken  place  completely  the 
•crystal  is  entirely  made  up  of  small,  irregularly  grouped  mica 
plates  which  seldom  exceed  0.05mm  in  diameter.  These  plates 
are  of  a  reddish  brown  color  and  may,  perhaps,  be  rubellite, 
although  it  appears  more  probable  that  they  are  biotite  somewhat 
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stained  with  iron  oxide.  G.  von  Biohtbofen*  describes  pseado- 
morphs  of  rabellite  after  aagite^  from  the  tufa  formations  of  Alpe 
Oiaplaja,  on  Monte  Creppa,  and  from  other  points  of  southern 
Tyrol.  The  Tyrulese  pseudomorphs  show  that  the  alteration 
began  at  many  points  in  the  interior  of  the  crystals  and  formed 
nests  of  reddish  mica  plates  which,  in  some  cases,  increased  in 
else  and  numbers  so  as  to  include  the  whole  crystal.  Blum  men- 
tions mica  pseudomorphs  after  augite  from  the  Fassa  Valley, 
in  southern  Tyrol,  Austria,!  and  from  Monroe,  Orange  county, 
N.  Y.,];and  Tschermak  describes  such  from  teschenitic  rooks] |. 

In  the  pseudomorphs  from  the  Arkansas  rocks  the  alter- 
ation appears  to  have  taken  place  from  the  outside  and  to 
have  worked  in  alon^  the  cracks.  The  undecomposed  parts, 
when  such  exist,  are  found  uniformly  at  the  centre  of  the 
crystal,  and  are  often  cut  through  by  cleavage  cracks  along  the 
edges  of  which  some  alteration  has  taken  place.  The  mica  which 
is,  as  has  been  stated,  probably  a  stained  biotite  occurs  in 
small,  thick  plates  absolutely  without  parallel  arrangement  of 
any  kind.  These  plates  are  very  pleochroitic;  the  color  variation 
being  from  a  very  light  red  or  straw  color  to  a  deep  brown. 
The  optic  axis  angle  is  small. 

In  this  decomposed  rock  there  appear  indications  of  the 
alteration  of  some  mineral,  probably  olivine,  to  serpentine,  but 
the  forms  are  not  such  that  they  can  be  definitely  determined. 

Id  addition  to  these  phenocrysts  there  have  been  observed 
in  the  groundmass,  which  consists  principally  of  augite  needles 
and  the  already  mentioned  globular  titaniferous  mineral  (p.  108) 
eome  feldspathic  minerals  which  are  evidently  the  devitrification 
products  of  an  original  glass.  These  feldspar  (?)  crystals  are  of 
two  varieties,  twinned  and  simple,  and  both  of  them  appear  as 
very  slender,  lath-like  individuals  not  over  0.07mm  in   length. 

The  rock  evidently  belongs  to  the  monchiquite  group,  but 
whether  to  the  olivine  or  olivine-free  variety  is  uncertain.     It  is 

•  G.  TOO  Bichthofen  in  the  Wiener  Akad.  Ber.  Band  XX  VII.,  1858,  p.  835,  and  in  Blum's 
PMadoiBorphoMii.  Band  III.,  p.  96.    Cited  after  J.  Both*8  Chemiache  Oeologle,  Band  I.,  p.  840. 
t  I^adomorphoaen.  Blum.  Band  I.,  p.  31.    Cited  after  Roth. 
X  Ibid.  Baod  III.,  p.  98.    Oited  after  Both. 
I  Ftorphrrgesteine  Oeaterreichs,  G,  Tsohermak,  p.  264.    Cited  after  Both. 
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probable,  however,  that  it  may  be  more  properly  considered  aa 
belonging  to  the  former  variety  and  as  forming  a  true  monchi- 
qaite  in  the  more  restricted  sense  of  the  term. 

From  the  same  locality  other  altered  rocks  occur  which 
differ  from  these  only  in  the  fact  that  the  augite  crystals  have 
been  altered  to  chlorite  instead  of  mica.  The  chlorite  appears, 
in  small  six-sided  plates  seldom  more  than  0.04mm  in  diameter. 
It  is  of  a  beautiful  green  color,  and  in  plates  cut  at  right  anglea 
to  the  cleavage-planes  it  shows  a  comparatively  strong  pleochro- 
ism,  with  an  alteration  in  color  from  yellow  (||c)  to  green  (||a  or 
6.)  When  observed  in  plates  parallel  t«»  the  cleavage  it  ap- 
pears dark  green  and  isotropic  and  in  convergent  light  shows 
no  distinct  cross.  Between  crossed  nicols  the  polarization  colors 
appear  higher  than  those  usually  described  for  this  mineral. 

The  rock  is  of  a  generally  greenish  color  with  darker  green 
spots  where  the  chlorite  pseudomorphs  occur. 

Upon  reviewing  the  above  descriptions  it  is  evident  that, 
although  some  minor  variations  exist,  the  rocks  belong  to  one 
and  the  same  group.  It  seems  better  therefore  to  unite  them 
under  the  name  otfourchUe,  with  a  clear  understanding  that  the 
varieties  described  are  present,  but  that,  owing  to  the  poor 
exposures  and  to  the  weathered  condition  of  the  rock,  it  is 
absolutely  impossible  to  define  the  limits  of  the  various  types, 
or  to  study  their  mutual  genetic  relations. 

ly.   CONTACT  BOCKS. 

In  the  Fourche  Mountain  region  contact  rocks  are  sot  very 
numerous  nor  easily  studied.  In  a  few  cases  specimens  of 
contact  shale  have  been  found  which  show  a  very  decided 
metamorphism  and  an  almost  complete  alteration  into  a  crys- 
talline rock.  Such  a  metamorphism  has  usually  taken  place  only 
where  the  sedimentary  rocks  are  in  direct  contact  with  the  larger 
masses  of  syenite,  for  in  cases  where  small  dikes  cut  through  the 
Paleozoic  shales  little  or  no  alteration  exists. 

At  a  point  near  the  junction  of  Fourche  and  Ermentraudt 
Mountains  on  the  east  side  of  the  ridge  the  syenite  is  found  in 
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direct  contact  with  the  shale.  It  is  seen  to  have  indaced  in  the 
latter  small  (0.5  to  1mm)  irregularly  boanded  feldspar  crystals, 
which  now  form  the  main  mass  of  the  rock.  These  feldspars 
are  often  twinned  according  to  the  Carlsbad  law,  bat  show  by 
their  nndnlatory  extinction  and  peculiar  microstracture  that 
they  are  of  secondary  origin.  They  are,  almost  withoat  excep- 
tion, filled  with  minute,  black  grains  which 'are  presumably 
magnetite.  These  are  scattered  through  the  crystals  without 
any  regular  system  of  arrangement  and  without  any  special 
reference  to  the  crystallographic  form  of  the  individuals  in  which 
tbey  occur.  In  a  few  cases  larger  crystals  of  feldspar  have  been 
observed,  and  when  such  occur,  they  are  seen  to  have  a  more 
perfect  crystallographic  form  than  the  smaller  ones.  It  is 
probable  that  the  larger  crystals  were  formed  first  and  were 
therefore  in  a  position  to  rearrange  the  ingredients  of  the  shale 
and  those  obtained  from  the  igneous  rock  more  freely  than  the 
smaller  crystals  which  followed  them.  They  may  be  considered 
ms  the  '^  phenocrysts  "  of  the  metamorphic  rock. 

Mica  crystals,  often  very  fragmental  and  distorted,  occur 
very  frequently.  They  are  of  a  greenish  yellow  color  and  show 
strong  pleochroism.  When  the  cleavage-planes  stand  at  right 
angles  to  the  plane  of  the  lower  nicol  the  color  is  a  light 
yellow  with  a  faint  greenish  tinge,  and  in  some  cases  the  crystals 
are  almost  colorless.  At  right  angles  to  this  position  they  are 
almost  or  entirely  black  and  show  a  correspondingly  complete 
absorption  of  light.  It  is  probable  firom  these  facts  that  this 
mica  is  a  biotite.  The  irregularity  in  the  shape  of  the  plates  and 
flakes  shows  that  it  was  not  entirely  unhindered  in  its  crystal- 
lization, but  its  comparatively  large  size  (1  to  1.5mm  in 
diameter)  indicates  that  it  was  one  of  the  earlier  and  more  freely 
formed  materials. 

Small  fragments  of  some  green  mineral  resembling  segirite 
in  their  appearance  and  behavior  in  polarized  light  occur  in  this 
rock  and  certainly  constitute  some  member  of  the  pyroxene 
group. 

A  thin  section  of  this  rock  b  seen  under  the  microscope  to 
he  comipletely  studded  with  small  black  specks  of   magnetite 
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which  are  often  rounded,  and  only  occaaionallj  show  anjr 
indications  of  crystal  form.  Hematite  and  limonite  also  appear 
in  irregular  masses,  the  former  often  taking  the  shape  of  thin 
plates,  while  the  latter  is  naturally  without  definite  crystal  form^ 

Six  inches  (0.16m)  away  from  the  contact,  as  a  rule,  the 
shale  shows  yery  little  metamorphism,  and  it  is  only  here  and 
there  that  any  in'dication  of  a  secondary  crystallization  can  be^ 
detected. 

In  some  cases  the  syenite  is  seen  to  penetrate  the  sedi-- 
mentary  rocks  for  a  short  distance  from  the  contact,  thna 
forming  alternate  bands  of  igneous  and  metamorphosed  rook^ 
In  one  case  the  igneous  rock  is  found  to  make  up  more  than 
half  of  the  specimen,  while  the  metamorphosed  rock  occurs  in 
the  form  of  narrow  intermediate  bands  presenting  a  semi-fluidal 
appearance.  Under  the  microscope  these  bands  are  seen  to  be 
made  up  of  minute,  allotriomorphic  feldspar,  magnetite  and  hema«- 
tite  crystals  and  a  few  flakes  of  reddish  brown  mica. 

A  peculiar  feature  of  the  rocks  near  the  contact,  and  one 
which  is  characteristic  of  both  the  intrusive  rocks,  as  well  as  oF 
the  metamorphosed  sedimentaries,  is  the  dark  blue  or  black 
stain  with  which  these  rocks  are  quickly  covered  when  lef); 
exposed  to  the  air  and  rain  for  a  few  days.  (See  page  22).  The- 
igneous  rocks  seem  to  show  the  color  even  more  distinctly  thaa 
the  metamorphosed  sedimentary  deposits,  and  it  has  been  ob-*- 
served  that  when  the  former  are  heated  before  a  blast-lamp  they 
they  give  off  sulphur  enough  to  burn  with  a  blue  flame  for  some 
time,  even  after  the  source  of  heat  has  been  removed.  The  dark 
blue  stain  appears  to  be  connected  in  some  way  with  the  large 
amount  of  sulphur  present,  for  afler  the  rock  has  been  heated  for 
a  time  and  the  sulphur  driven  off  it  assumes  a  reddish  color.  It  is^ 
possible  that  the  stain  is  due  to  a  mixture  of  sulphur  (8)  and  ferrous, 
sulphide  (FeS)  which  was  temporarily  formed  as  an  intermediate 
stage  in  the  alteration  of  pyrite  (FeS,)  to  ferric  oxide  (Fe^Oj). 

East  of  the  southern  end  of  Ermentraudt  Mountain  (section 
35, 8.  W.  of  S.  W.)  and  on  the  eastern  end  of  the  southern  part  or 
Allis  Mountain  (section  84,  N.  W.  quarter)  black  hornstone-like 
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rocks  oocar  which  were  formed  by  the  metamorphism  of  the  black 
shale  of  that  region.  Under  the  microscope  these  rocks  show  a 
confused  crystalline  structure  produced  by  the  formation  of 
small  flakes  of  mica,  and  the  differentiation  of  the  substance  of 
the  shale  into  a  mass  of  minute  feldspar  needles.  The  Paleozoic 
rock  which  forms  a  small  area  in  section  36  [on  center  line  1,000  ft. 
(305m)  west  of  center]  (see  page  24)  and  is  some  distance  from 
the  igneous  rock  contains  well  formed,  tabular  feldspar  crystals 
which  sometimes  attain  a  diameter  of  2mm.  The  rock  in  which 
they  occur  is  an  arenaceous  shale  and  occasionally  contains 
minute  SBgirite  crystals  as  well  as  feldspars. 

In  many  cases  the  sedimentary  rock  is  scarcely  altered,  even 
where  it  occurs  very  close  to  the  igneous  rocks.  It  is  evident, 
therefore,  that  something  more  than  mere  proximity  to  an 
igneous  mass  is  necessary  to  form  crystalline  metamorphic  rocks* 

V.      QEXETIC  BELATIONS  OF  THE  VABIOUS  KINDS  OF  SYENITE  TO 
EACH   OTHEB  AND  TO  THE  ADJACENT  SEDIMENTABY  BOCKS. 

The  relations  of  the  various  kinds  of  syenite  found  in  the 
Fourche  Mountain  region  to  each  other  and  to  the  under-  and 
overlying  rocks  are  not  as  simple  as  they  at  first  sight  appear* 

It  seemb  probable,  however,  both  from  petrographic  and 
chemical  considerations,  as  well  as  from  their  geologic  positions, 
that  the  «yenitic  rocks  of  the  Fourche  Mountain  region  are  very 
closely  related  to  each  other  and  that  they  may  be  coosidered  as 
derived  from  one  and  the  same  magma  which,  on  account  of  the 
varioas  conditions  under  which  it  cooled,  has  formed  the  differ* 
ent  kinds  of  rock  occurring  in  the  region. 

It  is  evident  from  its  coarseness  and  entire  lack  of  porphy- 
ritic  structure  that  the  gray  granite  (eleolite  syenite)  cooled 
under  pressure  as  a  true  intratelluric  rock.  The  blue  granite 
(pulaskite),  on  the  other  hand,  is  decidedly  trachytic  or  porphy- 
ritio  in  its  structure  and  cooling  much  more  rapidly  formed  a 
dike  rock.  It  is  easy  to  conceive  of  these  rocks,  as  a  whole, 
being  forced  up  through  a  break  in  the  overlying  rocks,  and  of 
that  portion  which  came  up  into  the  crack  itself  as  being  cooled 


more  quickly  than  the  maaa  which  remainpd  lower  down  and 
was  protected  agaiost  loss  of  heat  by  the  overlying  rocks.  These 
overlying  sedimeatary  rocks  soon  became  beat«d  through  and 
acted  as  covering,  transmitting  heat  slowly,  aod  allowing  the 
underlying  igneona  masses  to  cool  gradaally  and  to  form  troe 
intrateliurio  rocks*. 

It  seems  more  than  probable  that  the  overlying  strata  in  tbe 
Fonrohe  Mountain  region  were  comparatively  thin,  for  it  is 
evident  from  many  coasiderations  that  comparatively  little 
«rosion  of  the  Paleozoic  rock  has  taken  place  ainoe  the  igneous 
rooks  were  intraded.    The  accompanying  section,  which  is  of 
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course  somewhat  idealized,  but  which  in  founded  upon  tbe 
relations  actually  observed  in  the  region  near  the  southeast 
corner  of  the  mountaiu,  shows  the  probable  relatione  of  the 
varions  rocks  to  each  other. 

(i4.)  represents  the  overlyi^  shales  of  Paleozoic  age,  which 
dip  sharply  to  tbe  nortb  and  form  part  of  tbe  great  aoticlinal  fold 
described  by  Mr.  L.  S.  Griswold  in  Vol.  Ill  of  the  annual 
report  of  tbe  Gteological  Survey  of  Arkansas  for  I890t. 

(£.)  represents  the   mass  of  underlying  inlratellario  gray 

°  Tbs  Bublecl  of  tbs  ihlckpoa  ol  DTcrlTlag  roeki  neceiauj  la  pndue*  Ihe  fanBaUon  «l 
boloerjalRlUtie  gnoiiic  racks  hu  bMndlKUHd  bf  Brtgfir  {8TCDlips(miUtgIa|e,  p.  tM.) 
Ha  tomoanta  upon  itae  tbeoiiei  adTuocd  br  I.  Lahniino  [OnaulllKabli^,  p.  tS.  Olad  (Itar 
BrSfiar.  (STCDltpFgmalll|lDga,p.llS.)  J  tad  othen.  BrSKgar'*»»":li»<oi>i  are  to  iba  aOtet 
IbitalewhuDdredleetol  o'erlrliit  nek  lafflM  for  i  coTarlng  which  will  make  Iha  IrneoDi 
rocks  baloir  coinplateljr  tnintltiiuTit  In  tbatr  ohuacUr. 

tit  mar  hsrabailiied  thillt  iiaitremslr  probabia  that  tbawcikDeaa  prodDDsi  Inlbe 
■UnUbTtbia  fold  log  wa>  Ukso  adTanta«a  ol  hj  tb*  IntnulTt  rock*  in  loreloii  Ibatr  war 
loi  1  tb*  OTerlrlag  MdlmaoUir  formaUoD. 
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^[ranite  (eleolite  syenite)  which  at  one  point  forced  its  waj  up 
through  the  sedimentary  beds  forming  the  semi-porphyritio  mass 
of  blue  granite  (pulaskite)  (C7)  in  the  interior  of  which  the  gray 
rock  would  be  found  could  the  ridge  be.  penetrated  to  a  sufficient 
*depth.  \ 

(C)  represents  the  blue  granite  (pulaskite.)     It  is  evident 
that  this  blue  variety  cooled  more  quickly  than  the  gray  rock 
•and   therefore  assumed  a  more   porphyritic  structure.     When 
this  blue  granite  (pulaskite)  cooled,  it  cracked,  on  account  of  the 
unequal  contraction  of  the  outside  and  the  inside  and  allowed  the 
panidiomorphic  granular  dike  rock  (D)  to  appear.    This  latter 
-oonsists,  therefore,  of  some  of  the  original  syenite  magma  (JB) 
which,  on  being  pressed  up  through  the  still  hot,  but  already 
^congealed  blue  granite  (pulaskite)  solidified  very  slowly  as    a 
tioarse-grained,  panidiomorphic  dike.    It  is  probable  that  a  not 
inconsiderable  space  of  time  intervened  between  the  intrusion  of 
the  blue  granite  (pulaskite)  and  the  formation  of  the  coarse 
aplitic  dikes.     In  the  case  of  the  dike  (E)  the  conditions  were 
aomewhat  different,  for  here  the  coarse-grained  dike  comes  up 
throogh   the  overlying  Paleozoic  rocks   and    is  still   panidio- 
morphic in  its  character.    The  only  explanation  of  this  which 
-can  be  offered,  is  that  suggested  by  Brogger  for  similar  cases 
*(8yenitpegmatitgange,  p.  281),  in  which  it  is  assumed  that  the 
Paleosorc  rock  was  completely  heated  through  before  the  injec- 
tion of  the  igneous  rock.     In  the  case  of  the  tinguaitic  rock  (G) 
near  the  same  region   (southeast  of  the  mountain)    it  may  be 
assumed  that  its  character  is  due  to  the  thin  cover  of  overlying 
"Sedimentary  rock  in  that  particular  region.     This  condition  would 
be  in  complete  accord  with  the  high  heating  of  the  neighboring 
Paleozoic  rock,  required  for  the  formation  of  the  coarse-grained 
'dike  just  described,  and  would   fit  the  case  equally  well  if  the 
porphyritic  or  tinguditic  rock  should  prove  to  be,  in  part,   a 
metamorphosed  shale  and   not  an   intrusive  rock.     The  other 
-dike  {F)  of  brown  granite  (eleolite  syenite  dike  rock)  which  ap- 
-pears  in  this  region  and  which  has  a  hypidiomorphic  granular 
structure,  would  then  be  considered  as  the  filling  of  a  crack  by  a 
*byenitic  material  which  to  some  extent  resembles  both  the  blue  * 
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and  gray  granite  and  which  was  intruded  at  the  same  time  th^ 
were. 

AH  these  oonsiderations  point  to  a  comparatively  thicker^ 
(still  actually  quite  thin)  covering  of  Paleozoic  rock  over  the- 
larger  part  of  the  region  and  to  a  thinner  layer  over  the  south* 
eastern  part  of  the  area.    As  has  already  been  remarked,  the  mala, 
topographic  features  of  the  county,  so  far  as  the  Paleozoic  rooka. 
are  concerned,  are  considered  by  the  writer  to  have  ^en  ap^ 
proximately  as  they  are  now;  all  the  folding  and  bending  bad 
been  completed  and  a  large  part  of  the  erosion  had  been  mo-> 
complished.    Since  the  intrusion  of  the  igneous  rocks  the  over- 
lying Paleozoic  rocks  which  served  as  a  cover  have  been  eroded,, 
and  the  Tertiary  rocks  have  been  deposited  and  also  carried 
away  again,  leaving  only  here  and  there  traces  to  show  where- 
they  once  were. 

The  occurrence  of  panidiomorphic  syenite  dikes  cutting  the 
''trap''  (fourchite)  and  allied  rocks,  as  well  as  the  adjacent  Pal-^ 
eozoic  shales  near  the  south  end  of  AUis  Mountain  can  only  be^ 
explained  by  assuming  that  the  fourchite  is  older  than  all  the^ 
syenites,  or  that  it  was  intruded  after  the  blue  and  gray  graniteik 
were  formed  but  before  the  coarse-grained  miarolitic  dikes  were 
intruded.  In  the  first  case  the  augitic  rock  must  either  have^ 
retained  some  of  its  original  heat,  or  else,  like  the  shales,  must 
have  been  heated  by  the  neighboring  masses  of  syenite  before  the- 
younger  syenitic  dikes  were  intruded.  If  the  fourchite  is^ 
younger  than  the  blue  syenite  it  would  naturally  retain  enough 
heat  to  make  the  intruding  dikes  of  syenitic  material  coarse^ 
grained. 

When  the  rocks  of  the  Fourche  Mountain  region  are  com-^ 
pared  with  those  from  Saline  county,  a  strong  likeness  is  found 
to  exist  between  the  fourchite  of  the  Fourche  Mountain  region, 
and  the  dikes  of  black  rock  which  cut  the  syenite  in  Saline 
county.  Without  anticipitating  too  much,  the  Saline  counter 
syenites  may  be  said  to  resemble  very  closely  the  gray  granite 
(eleolite  syenite)  of  the  Fourche  Mountain  region,  and  hence  it 
the  two  are  considered  identical  the  fact  that  the  former  are 
cut  by  dikes  similar  to  fourchite  (including  true  monchiquite^ 
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would  suggest  that  in  the  Fourchite  Mountain  region  also  the 
fourchite  is  younger  than  the  gray  granite  (eleolite  syenite).  ^ 

If  the  sequence  of  the  rocks  of  the  Fourcbe  Mountain  region 
suggested  above  be  correct  the  rocks  of  this  region  were  formed 
in  the  following  order : — 

First :  The  magma  from  which  the  gray  and  blue  granites^ 
(eleolite  syenite  and  pnlaskite)  and  the  dikes  belonging  to  them 
were  formed  wis  forced  up  from  below  and  cooled  as  described 
(page  120). 

Second :    The  fourchite  was  intruded. 
.  Third:    The    pegmatitic  and  miarolitic  dikes  of  syenitio^ 
material  were  intruded  before  the  earlier  rocks  had  entirely 
cooled. 

This  is  the  probable  sequence  of  the  formation  of  the  rocka 
of  Foarche  Mountain  as  far  as  the  igneous  rocks  themselves  are 
concerned.  Their  relations  to  the  sedimentary  rocks  are  such 
that  little  can  be  learned  concerning  the  date  of  their  intrusion^ 
but  by  a  comparison  of  the  facts  known  about  the  age  of  the  rocks, 
of  the  other  regions  (chaps.  V.,  VIII.  and  IX.)  with  those 
known  about  this  region ,  it  is  probable  that  the  formation  of 
these  rocks  took  place  during  the  latter  part  of  the  Cretaceous  or 
the  early  part  of  the  Tertiary  period. 

The  want  of  tufa,  ashes,  scoria,  etc.,  indicates  that  these* 
rocks  are  intrusive  and  not  effusive  in  their  character,  but  tho^ 
same  considerations  and  limitations  as  those  suggested  for  the 
Magnet  Cove  rocks  (chap.  YIII.)  must  be  regarded  here. 

Since  the  formation  of  the  syenites  the  Fourche  Mountain 

*  The  other  hypothesis  which  has,  however,  Utile  but  negaliTe  eTidence  to  support  it,  ia, 
that  the  fourchite  Is  older  than  all  the  syeulte  masses  and  that  after  its  intrusion  they  were 
formed  in  the  manner  and  the  order  detailed  aboTe.  The  only  points  in  favor  of  this  hypo- 
thesis ant  the  fact  that  no  fourchite  dikes  have  been  found  in  the  blue  or  gray  granite  of  the 
Foarche  Mountain  region,  and  the  consideration  that  only  one  change  from  a  basic  to  an  acid 
magma  need  be  assumed,  while  in  the  accepted  hypothesis  a  change  from  an  acid  to  a  basio 
and  then  from  the  basio  back  again  to  an  acid  magma  must  be  assumed  in  order  to  satisfy  the 
facts  obeerred  regardlag  the  mutual  relations  of  these  rocks. 

The  first  of  these  points  is  of  but  little  consequence  since  only  a  small  area  of  gray 
gninite  (eleolite  syenite)  in  which  fourchite  dikes  might  occur  is  exposed.    If  dikes  of  fourchite- 
oocar  in  the  blue  granite  (pnlaaklte)  it  is  probable  that  they  are  covered  up  by  blocks 
weathered  syenite  and  are  invisible.    In  regard  to  the  second  consideration  it  may  be  stated 
that  the  change  from  an  acid  magma  to  a  more  basic  one  i«  the  natnral  order  of  events  an^ 
that  the  inversion  of  this  order  is  oontrarv  to  the  general  law  of  sequence  of  such  rocks. 
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region  has  been  again  partially  sabmerged  beneath  the  ocean. 
During  Tertiary  times  a  deposit  of  highly  ferrnginoas  sandstone 
was  formed,  and  interbedded  with  this  there  is  a  deposit  of 
"baaxite.*  That  the  origin  of  this  material  is  connected  in  some 
way  with  the  syenite  is  beyond  donbt  for  it  is  only  foand  in 
comparatively  close  proximity  to  it  in  both  the*  Foarche 
Mountain  and  the  Saline  county  regions. 

Two  suggestions  present  themselves  to  account  for  the  pres-^ 
>ence  of  this  materiali  neither  one  of  which  seems  completely 
satisfectory.  The  first,  aud  it  seems  to  the  writer  the  less  prob- 
-able  of  the  two,  is  that  the  bauxite  is  formed  by  the  decomposition 
^f  a  bed  of  clastic  material  which  was  derived  principally  from 
the  syenite.  In  this  way  it  might  easily  occur  interbedded  with 
the  Tertiary  rocks  as  indeed  it  has  been  found,  but  it  would  be 
natural  to  expect  to  find  masses  of  undecomposed  syenite  scattered 
through  it.  This,  however,  is  not  the  case  and  beyond  a  few 
•angular  pieces  of  Paleozoic  sandstone  no  foreign  material  has 
"been  found  in  it. 

In  order  to  make  such  a  theory  as  this  tenable  two  trans- 
formations at  least  must  be  assumed  so  as  to  account  for  the 
material  as  at  ^  present  found.  It  is  well  known  that  the 
the  common  decomposition  product  of  syenite  is  kaolin 
<Al20s.  2810,  +  2H3O)  but  in  the  case  of  the  bauxite  little  or 
no  silica  is  present  and  the  rock  has  a  chemical  composition  rep- 
resented approximately  by  the  fermula  (Al,  Fe),  O  (HO)4,  in 
which  the  aluminium  and  iron  may  replace  each  other  in  all  pro- 
portions.  In  order,  therefore,  to  produce  such  a  compound,  some 
agent  capable  of  extracting  the  silica  completely  from  the  de- 
>composed  syenite  must  be  assumed.  The  only  available  agent 
which  could  act  in  this  way  is  a  strong  alkaline  solution  and  it  is 
probable  that  such  a  solution  would,  at  the  same  time,  act  very 
-energetically  upon  the  alumina  itself. 

As  the  undecomposed  syenite  contains  very  little  iron  some 
-extraneous  source  of  this  element  must  also  be  assumed  and  its 
presence  in  quantities  amounting  in  some  cases  to  50  per  cent 
must  be  explained  by  the  infiltration  of  ferruginous  material. 

^  2ice  Vol.  I.  of  iho  annual  report  of  the  Geol.  Surrey  of  Ark.  for  1889. 
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The  bauxite  of  the  Westerwald  and  in  the  neighborhood  of 
Giessen,  Germany^  has  been  stated  to  be  due  to  the  weathering 
of  basalt  while  that  from  other  localities  occurs  as  oolitic  grains 
in  calcite.  In  some  cases  where  the  Fourche  Mountain  syenite 
has  partially  broken  down  to  kaolin,  an  oolitic  or  pisolitia 
structure  exists. 

The  second  and  more  plausible  theory  is  that  the  bauxite  ia 
the  result  of  hot  spring  action. 

The  water  of  the  Tertiary  sea  penetrated  to  the  still  highly 
heated  igneous  rocks  and  under  the  influence  of  the  high 
pressure  and  temperature  dissolved  the  constituents  of  the> 
granites  and  the  neighboring  rocks,  but  in  very  different  pro- 
portions. These  substances  were  brought  to  the  surface  iiv 
solution  and  the  water  emerged  in  the  form  of  hot  springs,  sur^ 
charged  with  dissolved  matter.  As  soon  as  the  pressure  was. 
removed  and  the  temperature  was  reduced  the  excess  of  dissolved 
matter  began  to  precipitate  in  the  form  of  a  basic  hydrate 
of  aluminium  and  iron,  while  the  more  soluble  salts  of  the  alkalies 
were  still  held  in  solution.  The  continual  bubbling  and  move- 
ment of  the  water  would  result  in  the  formation  of  concretions 
about  some  small  nuclei  as  is  the  case  with  the  calcareous 
Carlsbad  spriidelstein,  and  by  the  solidification  of  these  nodules 
into  a  single  mass  the  bauxite  rock  would  be  formed.  Were  the- 
material  carbonate  of  lime  which  is  easily  soluble  in  water  con- 
taining carbonic  acid  instead  of  the  practically  insoluble  hydrate 
of  alumina  there  would  be  no  trouble  whatever  in  explaining 
both  its  occurrence  and  its  form  by  some  such  hypothesis  as  that 
suggested. 

The  kaolin  defiosits  near  Fourche  Mountain  are  principally 
derived  from  the  decay  of  the  syenite  in  situ.  In  regard  to  these 
deposits,  their  distribution  and  extent,  the  State  Geologist  makes 
a  report  in  Vol.  I.,  of  the  annual  report  of  the  Geological 
Survey  of  Arkansas  for  1889,  and  to  this  the  reader  is  referred 
for  further  information  on  this  subject. 
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I.      DI8TBIBUTI0N. 


On  referring  to  map  III.,  it  will  be  seen  that  the 
^^crystalline  rocks"  of  Owen  cover  many  hundred  acres  in 
Saline  county.  The  areas  in  which  they  appear  are  all 
bordered  by  Tertiary  and  Pleistocene  deposits  and  it  is 
more  than  probable  that  the  syenite  forms  a  continuous  mass 
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lieneath  this  thin  superficial  layer.  The  syenite  often 
appears  as  loose  blocks  scattered  over  the  sandy  soil  where 
no  solid  masses  of  rock  can  be  found.  Such  areas^  where 
the  soil  is  to  a  great  extent  formed  by  the  disintegration  of 
«yenite,  are  represented  on  the  map  by  small  red  dots  over 
the  Tertiary  yellow. 

The  general  topography  of  the  country  is  uninteresting. 
In  traveling  from  Benton  to  the  syenite  region,  a  distance 
t)f  about  5  miles  (8km),  it  is  possible  to  keep  along  the  tops 
of  the  Tertiary  ridges  for  the  greater  part  of  the  way,  only 
now  and  then  descending  to  cross  from  one  to  another 
through  the  low  boggy  bottoms  which  lie  between  them. 
None  of  these  ridges  rise  more  than  one  hundred  and  fifty 
feet  (45m)  above  the  general  level  ot  the  country.  The  hills 
«re  heavily  timbered  with  pine  and  post- oak  but  the  soil  is 
thin  and  sandy  and  yields  but  little  return  to  cultivation. 

The  igneous  rock  appears,  for  the  most  part,  in  large, 
flat,  horizontal  or  slightly  sloping  areas  of  smooth  rock. 
Where  enough  soil  has  collected  on  these  areas  to  allow  of  it, 
they  are  usually  covered  with  a  dense  growth  of  cedars.  It  is, 
however,  quite  common  to  find  open  spaces  of  bare  rock  an 
«cre  or  more  in  extent  completely  surrounded  by  a  belt  of 
trees;  such  openings  are  known  as  ''cedar  glades."  In 
these  glades  the  surface  of  the  rock  is  generally  smooth, 
and  it  is  not  an  uncommon  thing  to  find  spaces  containing 
several  thousand  square  feet  completely  free  from  cracks  or 
Joints  of  any  kind  so  that  blocks  of  stone  of  almost  un- 
limited dimensions  could  be  quarried  from  them. 

At  only  three  points  in  this  area  do  the  Paleozoic  rocks 
appear  and  in  all  of  these  cases  they  are  more  or  less 
metamorphosed.  The  most  important  of  these  Paleozoic 
masses  is  known  as  Cedar  Park  *  and  contains  about  thirty 
«cres  (12  hectares).  It  consists  of  a  greenish  shale  which 
is  much  altered  and  disturbed.  The  shale  dips  about  80^ 
north,  but  it  is  so  broken  that  this  determination  is  very  un- 
certain.    The  hill  is  covered  with  a  luxuriant  growth   of 

*Towo8hlp  2  8.,  range  14  W.,  southetst  quarter  of  Mctloa  16.    See  map  III.  ▲. 
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cedara  and  preseDte  a  yery  strikiog  appearsDCe  when  com- 
pared with  the  bare  igDeoas  rocks  which  immediately  enr- 
roaad  it.  It  is  cut  by  several  dikes  of  both  syenite  and 
monchiqnite,  which  will  be  more  miaately  described  later. 

About  fifty  yards  (45m)  southwest  of  Cedar  Park> 
across  a  deep  cat  in  the  igneous  rock,  another  small  mass  of 
sedimentary  rock,  known  as  "Gold  Hill,"  occurs.  It  is  not 
more  than  one  or  two  acres  (0.4  to  0.8  hectares)  in  extent 
and  is  surrounded  on  three  sides  by  syenite,  bat  is  bounded 
on  the  fourth,  the  southwest  side,  by  Tertiary  sandstone. 
It  is  probable  that  this  hill  once  formed  a  part  of  the  Cedar 
Park  area  and  was  separated  from  it  by  erosion. 

The  third  point  *  where  the  Paleozoic  rocks  appear  ia 
just  south  of  the  north  line  of  section  21  and  lies  due  south 
of  the  Cedar  Park  region.  The  rock  iu  this  case  is  an 
included  block  of  shale  about  6'x9'  (1.8x2.7m.)  and  baa 
somewhat  the  form  of  a  flat>iron.    (Mg.  8). 


Fig.B.    MatitfPllUoMfcneHiuiultdineiaoUUtymilu 

The  shale  shows  its  original  stratification  very  distinctly, 
and  in  some  places  syenite  has  forced  itself  in  between  the 
layers  of  the  sedimentary  rock  in  each  a  manner  as  to  curve 
them  away  from  the  main  mass.    In  other  places  it  has  filled 

•Ttaa  ttudti  til  tba  8arT<T  andua  WUr.  aolamiin  MeihanDlt,  UisowMroIlhagrMte 
put  ol  ■Htion  It,  tor  bli  h*lp  In  flndlni  tblg  and  mrnnr  oUwr  loolltlM  which  will  ta 
meoUoaed  In  tb*  oonna  al  thli  chtptor,  ai  inll  *•  lor  hii  mliUDM  and  gnidaao*  la  shtilalac 
tb«  data  lot  lb«  mull  topefraphlo  map  o[  tb«  ngloD.    {tUp  IIL  *.) 
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cracks  which  cat  across  the  origiaal  stratification  planes. 

With  these  exceptions  the  syenite  is  everywhere 
bounded  by  overlying  sandy  deposits. 

As  has  been  stated,  the  main  portion  of  the  syenite  con^ 
sists  of  a  gray  variety  of  rock  which  resembles  very  closely 
the  gray  granite  (eleolite  syenite)  of  Fourche  Mountain* 
aod  only  in  a  few  places  does  anything  which  approaches 
the  bine  granite  (pnlaskite)  appear.  The  principal  point 
at  which  the  latter  rock  is  foand  is  in  the  northwest 
of  the  northwest  quarter  of  section  23,  where  it  forms  several 
narrow  mounds  of  loose  blocks,  20  feet  (6m)  high  by  100 
feet  (30m)  wide  and  500  to  1000  feet  (150  to  300m)  long. 
This  rock  weathers  into  angular  blocks  and  resembles 
macroscopically  in  every  way  the  blue  granite  (pulaskite)  of 
Fourche  Mountain.  It  is  designated  in  this  report  as  porpby* 
ritic  syenite. 

In  the  southeast  quarter  of  section  14*  rocks  occur 
which  show  an  inclination  toward  the  theralite  group.  It 
is  evident  that  they  constitute  a  large  mass  of  rock  in  that 
region  and  that,  like  the  light  colored  eleolite  syenite,  they 
form  large,  flat  surfaces  of  solid,  unbroken  rock.  Macroscop- 
ically they  are  indistinguishable  from  the  eleolite  syenite 
so  that,  without  making  thin  sections  of  all  the  rocks  in  the 
neighborhood,  it  is  impossible  to  judge  of  their  extent. 

In  order  to  avoid  a  detailed  and  uninteresting  descrip-- 
tion  of  the  igneous  area  the  reader  is  referred  directly  to 
map  III.  On  this  map  the  principal  masses  of  igneous  rock: 
are  indicated  by  special  colors;  and  the  narrow  dikes  of 
intrusive  rock  of  both  the  monchiquitic  and  syenitic  types- 
are  numbered  and  are  referred  to  in  the  general  tabic. 
(Chapter  XIU.) 

II.      SPECIAL  PETBOORAPHIC  LITEBATDRfe. 

The    only    mention    of   the    occurrence   of  the   large- 
maaees  of  igneous  rocks  in  Saline  county  are  notices  by  W. 

*  On  and  new  Mn.  Monlax'a  propert  j, 
t  Qwlogkftl;  VoL  IL,  1«90. 
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B.  Powelli  D.  D.  Owen  and  F.  L.  Harney,  in  their  already 
quoted  works. 

Powell^  mentions  having  heard  of  this  region  and  having 
seen  hand  specimens  from  the  locality. 

Owen,  t  says :  *^  As  in  Palaski  and  Hot  Spring  connties, 
we  have,  in  Saline,  small  areas  occupied  by  crystalline  rocks. 
One  of  the  principal  protrusions  of  granite  in  this  county  is 
ill  Township  2  S.,  Range  14  W.  Some  of  this  granite  is 
quite  porphyritiC)  the  feldspar  crystals  standing  out  in 
prominent  relief  on  the  weathered  surface.  Some  of  this 
granite  has  a  graphic  appearance,  and  there  are  dissemioated 
through  it  crystals  of  hornblende  and  (schorlamite  ?).  Some 
of  this  rock  looks  very  much  like  zircon  granite." 

Harvey  |  remarks,  '*  Typical  granite  occurs  in  Fonrche 
Cove,  Saline  county,  and  Magnet  Cove.'' 

III.      P£TBOGBAPHI0  DESCRIPTION  OF  F£LDSPATHIC  ROCKS. 

A.    Eleolite  Syenite, 

i.     Orthoclastic  Eleolite  Syenite. 
a.     Physical  Properties. 

Use. — The  orthoclastic  eleolite  syenite  occurs  in  large 
masses  and  has  been  quarried  to  some  extent.  It  is  con- 
siderably used  in  the  immediate  neighborhood  and  limited 
quantities  of  it  have  been  shipped  away.  It  is  probable 
were  better  facilities  for  trausportation  aftorded  that  it  would 
become  an  important  stone  for  architectural  purposes.  The 
rock  takes  a  good  polish,  as  is  shown  by  a  small  headstone 
made  of  this  material  which  was  exhibited  at  the  Little 
Rock  Exposition  of  1887,  and  which  is  now  in  one  of  the 
etone-cutting  establishments  of  that  city. 

Color  and  structure. — It  is  a  light  gray  rock  with  oc- 
casionally a  pinkish   or  buff  tinge  given   it  by  the  flesh. 

«  Geological  Repori  oa  Fourche  Cove,  etc  ,  p.  6. 

t  Second  Report  of  a  Qeologloal  Beooiiaolssanoe  of  Arkansai,  etc.,  p.  107. 

t  Minerals  and  Rocks  of  Arkansas,  p.  31. 
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<;oIored  or  yellowieh  eleolite  crystals.  In  general  it  is  coarse 
grained  bat  it  varies  extremely  in  ttiis  regard.  It  presents 
macroscopically  a  trachytic  structure,  which  occasionally 
inclines  towards  a  porphyritic  structure  on  account  of  a 
diminution  in  the  size  of  all  the  constituents  except  the 
feldspar. 

The  color  and  the  general  arrangement  of  the  constit- 
tients  of  this  rock  »re  shown  by  a  chromo-lithograph  of  a 
polished  surface  (see  plate  1,  frontispiece). 

A  pegmatitic  appearance  is  very  common  and  is  due  to 
the  peculiar  arrangement  of  the  large  tabular  feldspars. 
Feldspar  and  eleolite  are  easily  recognized  macroscopically 
but  the  basic  silicates  present  are  usually  too  small  to  be 
identified  by  the  naked  eye. 

Strength. — The  resistance  to  crushing  exhibited  by  blocks 
of  this  stone  which,  howevery  were  not  perfectly  fresh,  was 
determined  by  tests  precisely  similar  to  those  made  on  the 
other  syenites.  (See  page  42  seq.)  The  results  are  as  follows: — 

Pressure*  per  square  inch  under  which  cube 

crumbled 20,500  lbs. 

Correspondingpressure  in  2  inch  cube  calcu- 
lated by  cubic  parabola  formula 22,  350    ^' 

From  this  it  appears  that  this  rock  is  about  as  strong  as 
the  strongest  true  granite.  Under  the  chisel  it  works  much 
more  easily  than  most  of  the  granites  and  might,  therefore, 
be  used  to  advantage  for  carved  work  for  interior  decoration. 
£xpo8ed  to  the  weather  this  rock  does  not  appear  to  stand 
very  well.  The  refuse  chips  from  some  blocks  quarried  ten 
or  fifteen  years  ago  for  building  chimneys  and  making  door- 
steps have  been  left  exposed  to  the  weather  in  the  open  pits 
where  they  were  first  broken.  These  show,  almost  without 
exception,  a  decided  tendency  to  crumble  on  the  edges  and 
when  broken  with  a  hammer  do  not  yield  sound  specimens. 

^  This  test  11k«  thote  upon  the  Fourche  Bfoumain  rook  was  made  upon  a  cube  lens  than 
%  vo inches  on  an  edge.    The  figures  obtained  from  the  test  before  reduction  are  as  fo  lows  :— 

AVM  of  sorfaoe^Ter  which  pressure  wss  distributed ^ 2.84  sq.    in. 

ruahtog  load « ^ ^„„„     48,000  lbs. 
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It  wonld  appear  from  this  that  the  rock  is  not  saited  to 
outside  work  bat  mi/;ht  well  be  ased  for  interior  constraction. 
Weight — ^Tbe  following  physical  properties  have  been 
determined : — 


AbsofpUvenc—         •• •«— » .•  1  :  esS 

c^weine  |j|favi»y»»««— •••—»•»•»••»•»•»•■■■■■••»  ZbWJB 

Weight  per  cobic  foot 16:168  lbs. 

Weight  per  cabie  meter...................  2006.82  kilos. 

b.  MineralogiCf  Microscopic  and  Chemical  Investigation. 

Under  the  microscope  the  strnctnre  of  this  rock  is  seen 
to  be  bypidiomorphic  grannlar  often  with  a  pegmatitic  ar- 
rangement of  its  constituent  minerals. 

Orthoelase  is  by  far  the  most  important  constituent  of 
the  rock.  It  forms  large  white  opaque  crystals  10  to  15  mm 
in  diameter  which  are  usually  tabular  parallel  to  the  clino- 
pinacoid  (010)  and  are  commonly  twinned  according  to  the 
Carlsbad  law.  (Jnder  the  microscope  they  are  occasionally 
opaque  about  the  edges  with  transparent  centerd,  bot  they 
are  also  often  completely  transparent.  The  cleavage  planes 
parallel  to  the  base  (001)  and  clinopinacoid  (010)  are  very 
distinctly  marked  by  the  cracks  across  the  crystal.  In  the 
opaque  varieties  these  appear  as  light  lines  across  a  grayish 
field.  An  indistinct  separation  has  also  been  observed  in 
another  direction  aad  is  probably  parallel  to  some  one  of  the 
orthodomes  (compare  page  74.)  In  some  cases  a  secondary 
filling  in  of  these  cracks  and  a  bordering  of  the  whole  crystal 
by  a  transparent,  colorless  substance  has  been  observed. 
This  material  has  a  medium  double  refraction  and  a  low^ 
index  of  refraction,  but  its  extinction  is  sharp.  In  the  cases 
where  it  fills  the  cracks  of  the  crystals  it  is  in  the  form  of 
very  slender  wedges  whose  bases  are  in  the  faces  of  the 
crystals.  The  material  presents  the  appearance  of  albite^ 
but  its  character  has  not  been  definitely  determined.  The 
orthoelase  is  decidedly  microperthitic  in  its  strncture  and  is 
very  rich  in  gas  and  liquid  inclusions. 

^Gonpftra  BoMBbuioh,  Phjaiog.  II.,  p.  81. 
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EleolUe  appears  in  this  rock  in  crystals  which  are  often  as 
much  as  lOmoi  in  diameter.  It  is  usaally  of  a  flesh- pink^ 
oily-brown  or  yellow  color  and  may  easily  be  recognized  by 
its  greasy  appearance.  It  occasionally  appears  in  well  de- 
nned crystals,  bnt  as  a  rale  it  is  bounded  by  the  surroanding 
feldspars.  Dnder  the  microscope  it  is  transparent  and  is 
easily  distingnished  from  the  semi-opaque  orthoclase  which 
surrounds  it.  It  seems  in  very  few  cases  to  have  undergone 
the  decomposition  which  is  so  characteristic  of  it  in  the 
rocks  from  the  Fourche  Mountain  region.  Its  double  refrac- 
tion is  higher  than  that  of  the  already  described  species  and 
the  sections  extinguish  sharply  between  crossed  nicols.  In 
-convergent  polarized  light  a  comparatively  sharp,  black 
-cross  appears  which,  when  tested  with  a  mica  plate,  shows 
the  character  of  the  double  refraction  to  be  negative.  The 
-eleolite  often  contains  many  included  basic  silicates;  in 
•some  cases  these  appear  only  in  the  eleolite  and  not  in  the 
other  constituents  of  the  rock.  The  alteration  to  analcite, 
•although  not  nearly  so  common  as  was  the  case  in  the 
Fourche  Mountain  rock,  has  been  observed  in  the  rock  from 
some  localities  in  the  Saline  county  region. 

SodaliU  has  been  observed  in  perfectly  isotropic  masses 
which  are  wedged  in  between  the  orthoclase  crystals  in  the 
"Same  manner  as  the  eleolite,  and  they  can  only  be  dis- 
tinguished from  the  latter  by  their  total  lack  of  optic  activity. 
The  cleavage  cracks  are  indistinct  and  no  indication  of  the 
-crystal  form  can  be  obtained  from  them.  The  crystals  are 
usually  clear  and  show  little  or  no  indication  of  alteration. 

Basio  eonstUueTUs  consisting  of  biotite,  amphibole  and 
pyroxene  are  grouped  together  in  somewhat  tbe  same  way 
in  which  they  appeared  in  the  blue  granite  (pulaskite)  of 
Fourche  Mountain.  The  biotite  is  evidently  the  oldest  of 
the  three  for  it  is  always  idiomorpically  bounded  where  it 
-comes  in  contact  witli  the  amphibole  and  pyroxene.  (See 
p.  61). 

Biotite  form^  small  plates  seldom  more  than  2  millimeters 
'in  diameter.    They  are  often  elongated  in  the  direction  of 
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one  of  the  lateral  axes  bo  as  to  form  long  narrow  plates. 
The  optic  axis  angle  is  extremely  small  and  the  extinction 
is  at  right  angles  to  the  cleavage-planes.  The  pleochroism 
is  between  yellow  and  brown  and  the  absorption  is  medium. 
The  crystals  are  remarkable  for  the  immense  number  of 
inclusions  which  they  contain.  These  inclusions  are  in  the- 
form  of  neatly  terminated  colorless  crystals  which  often 
attain  a  length  of  0.1mm.  They  are  prismatic  in  form  and 
are  truncated  by  an  oblique  plain  which  makes  an  angle  of 
about  70^  with  the  vertical  axis.  The  index  of  refraction 
and  the  double«refraction  are  both  high.  The  extinction  in 
sections  approximately  parallel  to  the  clinopinacoid  (010)  has. 
been  observed  to  be  about  25^  and  the  axis  of  least  elasticity 
lies  in  the  acate  angle  j9.  This  would  indicate  that  the  in- 
clusions are  allied  to  hornblende.  Crystals  of  titanite  are 
often  included  in  the  plates  of  biotite. 

Pgraxene  appears  as  diopdde  and  forms  crystals  whicb 
occasionally  attain  a  length  of  several  millimeters  and  re- 
semble very  closely  the  forms  described  under  gray  granite- 
(eleolite  syenite),  (p.  77).  In  this  case,  however,  the  green 
edges  are  somewhat  broader  and  the  centers  are  more- 
distinctly  separated  from  the  outside  zone.  The  angles  of 
extinction,  as  measured  on  the  inside  and  outside,  are- 
respectively  84^  and  8^.  The  crystals  contain  a  few  large- 
inclusions  of  other  minerals,  notably  of  biotite  and  apatite,, 
and  gas  inclusions.  Liquid  inclusions  have  not  been 
observed. 

Amphibole  occurs  associated  with  the  diopside  and  is. 
generally  a  much  more  important  mineral  than  the  latter^ 
It  is  the  youngest  among  the  basic  silicates  and  in  many- 
instances  it  surrounds  all  the  others.  Cases  occur,  however « 
in  which  it  is  in  turn  surrounded  by  diopside.  It  occurs  in 
black  crystals  two  or  three  millimeters  in  length  which,, 
in  thin  sections  under  the  microscope,  are  of  a  beautiful 
bluish  green  color.  They  are  seldom  well  terminated  and 
usually  show  evidence    of  having  been   corroded  on  the» 
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edges  by  the  action   of  the  magma.    They  are  decidedly 
pleochroitic  according  to  the  following  scheme : — 

parallel  a  light  greenish  yellow. 

parallel  b  blue-green. 

parallel  c  blae-green. 

The  absorption  is  b=c>a. 

The  amphibole  appears  from  the  foregoing  facts  to  be 
allied  to  the  arfvedsonUe  group  and  it  probably  contains  a 
considerable  amount  of  sodium  in  its  coniposition.  Its  color, 
although  the  same  as  that  of  the  diopside,  is  easily 
distinguished  from  the  latter  by  the  different  shades  which 
it  assumes.  While  the  diopside  is  of  a  grass-green  or  yellow- 
green,  the  amphibole  has  in  all  directions,  except  one, 
(parallel  a)  a  bluish  tinge  in  its  color,  and  by  revolving  the 
section  the  bluish  shade  must  appear  in  one  position  or  the 
other.  This  is  not  the  case  with  the  diopside  whose  only 
change  in  color  is  between  various  shades  of  yellowish  green. 
After  having  once  established  these  differences,  by  observa- 
tion on  sections  where  the  characteristic  cleavage  cracks  are 
visible  it  is  a  simple  matter  to  apply  them  in  other  cases. 

The  amphibole  contains  inclusions  of  the  other  basic 
silicates  and  notably  of  diopside.  The  latter  occurs  in  it  as 
small  irregular  plates  which  are  characterized,  as  has  just 
been  described,  by  their  yellowish  green  color.  They  give 
to  the  amphibole  a  spotted  appearance. 

Titanite  appears  frequently  in  thid  rock  and  always  in  its 
characteristic  forms.    Twins  are  rare. 

Apatite  and  magnetite  are  both  present,  the  latter  in  large 
crystals  which  often  include  the  former. 

An  analysis  of  this  rock  was  made  by  the  Survey,  W.  A. 
Noyesy  analyst,  and  gave  the  following  results : — 

Analysis  of  orthoolastio  eleolUe  syenite^ 

8IO, 59.62 

AljO,...- 18.6T 

Fe,0,  andFeO 5.0T 

CaO 1.80 

MgO 0.8i 
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K,0 5  65 

Na,0 6.d5 

LiO| trace 

H,0  (I088OD  ignition} 0.80 


• 


Total 09.40 

It  is  evident  from  this  aDalysis  as  well  as  from  the  pre- 
•ceding  mineralogic  description  that  this  rock  is  almost 
'identical  with  the  gray  granite  from  the  Foarche  Moun- 
tain region.  It  appears  also  to  have  mach  in  common  with 
the  eleolite  syenite,  described  by  Brogger  (Syenitpegmatit- 
gange,  p.  33)  as  laardalite,  although  like  the  similar  rock 
€rom  Fourche  Mountain  its  silica  is  too  high  to  make  it  com- 
pletely identical  with  the  Norwegian  variety. 

^.  Plagioclastic  EleolUe  Syenite. 

Although  in  its  general  appearance  and  mode  of  occur- 
rence this  rock  is  so  like  the  preceding  that  it  has  not  been 
possible  to  draw  a  sharp  line  of  distinction  between  the  two, 
still  it  seems  necessary  to  describe  the  two  separately,  both 
because  of  the  rarity  of  this  variety  of  rock  in  the  region 
and  because,  for  several  reasons,  its  description  cannot  be 
satisfactorily  combined  with  that  of  the  purely  orthoclastic 
variety.  As  has  already  been  stated  (p.  129)  the  plagio- 
clastic rock  appears  in  precisely  the  same  form  in  which  the 
orthoclastic  eleolite  syenite  occurs  and  constitutes  large  flat 
areas  similar  to  those  which  were  characteristic  of  th^  latter. 

Structure. — Macroscopically  the  plagioclastic  eleolite 
syenite  has  a  pinkish  color  which  is  due  to  the  eleolite 
crystals  and  it  is  dotted  here  and  there  with  large  black 
pyroxenes.  Its  structure  is  somewhat  similar  to  that  of  the 
rock  just  described,  but  may  be  considered  to  be  more  truly 
granitic.  It  consists  of  a  holocrystalline  granular  combina- 
tion of  eleolite,  orthoclase,  plagioclase  and  pyroxene. 

The  eleolite  crystals  are  the  first  to  catch  the  eye.  They 
make  up  at  least  25  per  cent  of  the  rock  and  are  charac- 
terized, precisely  as  they  were  in  the  orthoclastic  eleolite 
syenite,  by  their  oily  appearance  and  brownish  pink  color« 
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Tbey  have  been  observed  in  some  cases  to  be  as  much  as  6 
millimeters  in  diameter. 

The  basic  silicates  found  in  the  rock  are  nsnatly  small, 
t>at  occasionally  a  large  pyroxene  crystal  (5  to  10mm  long) 
appears.  The  pyroxene  is  then  easily  recognized  macros- 
-copically  by  its  black  color  and  its  prismatic  angle  of  98°. 

The  feldspathic  components  form  small,  white  crystals, 
"Seldom  more  than  2  millimeters  in  length.  There  appears 
to  be  no  recurrence  of  crystallization  of  the  same  mineral 
-and  therefore  no  truly  porphyritic  structare,  although  the 
difference  in  size  of  the  various  components  occasionally 
causes  the  rock  to  present  such  an  appearance. 

EttoUUj  when  microscopically  examined,  is  found  to  be 
Identical  with  that  of  the  orthoclastic  eleolite  syenite  and 
4ts  properties  need  no  further  mention.  It  is  usually  fresh, 
but  in  a  few  cases  the  formation  of  secondary  products  has 
'been  observed. 

Orthoclase  is  much  less  common  than  the  plagioclase  but 
'when  present  it  forms  the  same  dull,  semi-opaque,  tabular 
crystals  that  characterized  it  in  the  orthoclastic  rock.  In 
the  plagiodastic  rock  the  crystals  are  somewhat  thicker,  are 
free  from  inclusions,  and  the  intergrowth  wiih  albite  is  less 
frequent. 

Plagioelaae  occurs  as  fresh  crystals  which  show  a  sharp 

extinction  and  are  characterized  by  polysynthetic  twinning 

according  to  the  albite  law.    The  individuals  are  frequently 

•a  millimeter  in  length  (section)  and  about  one-third  that 

thickness.    They  are  thin    tabular  parallel  to  ooPdb  (010)  or 

.prismatic  parallel  to  a,  and  are  seldom,  or  never,  perfectly 

terminated.    Measurements  made  on  a  number  of  crystals 

which  showed  equal  extinction  angles  on  both  sides  of  the 

composition  plane  gave  as  a  mean  angle  15°.    This  indicates 

that  the  plagioclase  belongs  to  the  Inbradorite  group,  but  the 

-chemical  analysis  of  the  whole  rock  shows  so  little  lime  that 

^hese  results  are  open  to  doubt. 

The  albite  law  of  twinning  appears  to  be  the  only  one 
*^hich  is  of  importance.     The  pericline  law  has  not  been 
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observed.  Owing  to  the  minateoeBS  of  the  crjBtals  and 
want  of  time  no  gravimetric  separation  of  the  feldspars  was. 
attempted.  It  is  evident,  however,  that  snch  a  separation 
and  the  sabseqaent  analyses  of  the  material  obtained  would 
be  of  maeh  value  iu  determining  the  character  of  the  plagio- 
clase  of  this  rock. 

Pyroxene. — ^The  only  member  of  the   pyroxene  group, 
which  has  been  obseryed  is  tegirUe.     Although  a  few  large 
crystals  have  been  found  this  mineral  usually  appears  as 
slender  needles  bounded  by  ooP  (110)  and  ooPob  (100).    The 
ends  of  the  vertical  axis  seldom  show  any  truncations,  but 
in  one  or  two  instances  the  base  (001)  and  the  principal 
negative  pyramid  (?)  (Ill)  have  been  observed.    The  actual 
linear  relation  of  the  crystallographic  dimensions  (not  the 
axis  ratios)  which  have  been  observed  on  the  smaller  crystals, 
may  be  expressed  by  the  following  ratio  : — 

aj:y:2*=5:l:25 
In  sections  at  right  angles  to  the  vertical   axis  the 
cleavage-cracks    are  remarkable  for  their  sharpness   and*, 
abundance. 

Pleochroism  is  quite  marked  and  the  colors,  between) 
which  the  variations  take  place,  are  as  follows : — 
parallel  a  grass-green, 
parallel  b  yellowish  green, 
parallel  c  yellowish  green. 
The  angle   of  extinction    in   sections    parallel  to   the 
symmetry-plane  seldom  exceeds  4^ 

The  index  of  refraction  is  high — higher  than  that  of  the- 
Canada  balsam — so  that  the  sections  present  a  slightly  roughs 
surface.  The  edges  of  the  crystals  are  usually  bounded  by 
narrow,  black  bands  which  are  produced  by  the  total  refrac-^ 
tion  of  light.  The  double  refraction  is  strong  and  the 
crystals  exhibit  high  polarization  colors. 

These  crystals  seldom  occur  in  groups  but  are  usually 
found  scattered  singly  among  the  other  constituents.     They 

•  These  letUn  repreeeat  the  reeUngular  axes  whoee  poettlooe  are  each  that  s  lies  Ia. 
the  nme  pUne  with  a  and  makes  thU  angle  \6HV  with  it;  y  Uet  parallel  to  b  and  a  panllel  to«^ 
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appear  very  frequently  included  in  the  eleolite.      Many  o£' 
them  are  of  secondary  origin. 

Titanite  is  rare  and  apatite  and  magntiUe  have  not  beeiv 
observed.  The  rock  is  on  the  whole  very  poor  in  dark 
colored  components  and  phenocrystic  minerals  of  the  first 
generation. 

Decompoaiiian  products. — In  the  case  where  the  eleolite 
has  been  decomposed  there  appear,  lying  in  an  isotropic  or 
weakly  anisotropic  groundmass,  bunches  of  minute  needier 
which  were  proved  by  means  of  a  selenite  plate  to  possess  a. 
positive  double  refraction.  Other  larger  spaces  when  tested 
in  the  same  way  gave  similar  results.  It  is  probable,  there-< 
fore,  that  these  needles  should  be  referred  to  ranite  *  of  Paij- 
kull  or  hydronephelite  f  of  Clarke  and  Diller,  but  want  of 
time  has  prevented  any  experimental  proof  of  this  supposi- 
tion. 

A  chemical  analysis  of  this  rock  was  made  by  the 
Survey,  W.  A.  Noyes,  analyst,  with  the  following  results : — ^ 

Anatysis  of  plagioolaatic  eleolite  syenite. 

8IO, 68.74 

A1,0, ^  20.85 

Pe,0, 4.16 

CaO 0.86 

MgO 0  22 

K,0 4.28 

Na,0 9.72 

H,0  (Ignition) 1.82 

Total 100.09 

The  analysis  shows  the  similarity  between  this  and  the- 
orthoclastic  eleolite  syenite  and  at  the  same  time  the  excess 
of  sodium  over  the  potassium  indicates  that  the  plagioclastic- 
rock  is  much  richer  in  sodium  feldspar,  and  probably  also  in 
eleolite,  than  the  orthoclastic  variety.    The  small  amount  of 
lime  in  the  rock  indicates  that  the  plagioclase  is  albitic  in  its 

•S.  B.  Paijkoll,  Mln.  Noiiaen.  Inaog.  Dlflsertatloii,  Stockholm,  1876.  Cited  after- 
BMgger  (tfyenltpegmakitginge,  p.  285).    la  Boglieh  iooorrectly  ipelled  nuite. 

t  F.  W.  Clarke,  Mloermls  of  Litchfield,  Maioe,  Am.  Jour,  Sd.,  Scries  8,  YoL  XXXI.,^ 
1886,  p.  287. 
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composition  and  not  labradoritic  as  was  indicated  by  the 
extinction.  The  rock  approaches  a  theralUe  in  its  mineralofi^ic 
and  chemical  composition,  but  that  it  should  not  be  called 
snch  is  evident  from  its  genetic  relations  and  from  the  fact 
that  accessory  plagioclase,  even  in  considerable  quantities, 
is  by  no  means  uncommon  in  true,  orthoclastic  eleolite 
^syenites. 

B,    Porpbyritic  Syenite. 

In  the  short  description  that  was  given  (p.  129)  of  the 
"Saline  County  region  the  occurrence  of  a  porpbyritic  variety 
of  the  syenite  was  mentioned.  This  occurs  in  the  northwest 
quarter  of  the  northwest  quarter  of  section  23,  *  and  it  is 
also  found  at  several  other  points,  but^the  quantities  are  so 
insignificant  as  to  be  unworthy  of  special  mention.  The 
Tock  is  of  a  bluish  gray  color  and  resembles  very  closely  the 
*blue  granite  (pulaskite)  of  the  Fourche  Mountain  re- 
.^ion,  except  that  in  this  case  the  amount  of  augite  present 
is  much  less  than  the  amount  of  hornblende,  and  the  eleolite 
Is  entirely  wanting.  It  shows  a  similar  but  more  marked 
trachytic  porpbyritic  structure,  produced  by  the  large 
c^rayish  orthoclase  crystals  lying  imbedded  in  a  fine-grained 
t)ase.  The  only  minerals  which  can  be  detected  macroscop- 
ically  are  the  orthoclase,  which  occurs  in  comparatively 
large  crystals  characterized  by  their  perfect  cleavage,  and 
titanite,  which  appears  in  small,  resinous,  yellow  crystals. 
Occasionally  black  prisms  show  the  presence  of  some  basic 
silicate  but  they  are  too  small  to  allow  of  a  macroscopic 
-distinction  between  pyroxene  and  amphibole. 

Under  the  microscope  the  porpbyritic  character  of  the 
Tock  is  immediately  evident.  The  large  orthoclase  crystals 
are  usually  much  rounded  and  lie  in  a  fine-grained,  hypi- 
xliomorphic  granular  base  made  up  of  smaller  crystals  of 
*orthoclase  and  the  basic  silicates. 

.    Orthoclase  occurs  in  large  crystals,  tabular  parallel  to  the 
"clinopinacoid  (010),  which  oiten  reaches  10  or  15  millimeters 

•  Nos.  277,  278  and  279  of  ihd  genjral  ubie  Lo  Chap.  XIII. 
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in  its  greatest  dimeDsioa.  The  crystals  are  of  a  bluish  gray 
color  and  cleave  readily  parallel  to  the  base  (001),  showing- 
a  mother-of-pearl  Instre  on  the  cleavage-planes. 

Under  the  microscope  they  are  seen  to  be  much  cor- 
roded and  evidently  belong  to  the  older  constituents  of  the. 
rock.    They  are  often  quite  opaque  and  show  sharply  defined 
cleavage-cracks  like  those  previously  described  in  similar- 
crystals  (p.  182).      They  appear  to  be  comparatively  free 
from  any  admixture  of  other  feldspathic  material  and  it  is. 
only  in  extremely  rare  cases  that  any  tendency  towards  a. 
microperthitic  structure  has  been  observed. 

Amphibole  is  by  far  the  most  important  basic  silicate  in 
the  rock.  It  occurs  in  prismatic  crystals  which  are  two  or 
three  times  as  long  as  they  are  broad.  Under  the  microscope, 
it  is  of  a  greenish  blue  color  and  is  in  every  respect  identical 
with  that  just  described  under  the  head  of  eleolite  syenite 
(p.  184)y  and  should  probably,  like  that,  be  considered  as. 
belonging  to  the  variety  arfvedsonite. 

The  crystals  of  amphibole  are  often  very  much  corroded 
and  they  frequently  include  quantities  of  feldspathic  substance 
which  has  in  some  cases  evidently  eat«^n  its  way  into  the 
interior  of  the  crystals  and  there  crystallized  in  small  indivi- 
duals. In  other  cases  this  feldspathic  material  was  probably 
an  original  inclusion  of  magma  which  afterwards  assumed 
the  form  of  a  fine-grained  orthocUse  in  exactly  the  same 
manner  as  the  groundmass.  In  some  cases  the  amphibole 
crystals  are  entirely  made  up  of  smaller  ones  which  are  then 
usually  arranged  in  parallel  positions,  but  small  individuals, 
are  occasionally  found  which  are  not  in  such  a  position. 

BioiUty  when  it  occurs,  is  usually  much  corroded  and  is 
often  surrounded  with  small  crystals  of  secondary  origin*. 
In  other  respects  its  characteristics  are  normal. 

Pyroxene  has  seldom  been  observed.      When    it  doea 
occur,  it  forms  large  crystals  which  exhibit  a  decided  zonal 
structure  and  are  surrounded  with  amphibole.     It  is  of  the. 
variety    diopside    whose  physiography    has  already   been 
snfiiciently  described. 
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TUanite  occurs  io  large  qaantities  io  all  the  sections,  often  in 
large  idiomorphio  crystals,  but  mpre  commonly  as  small, 
rounded  globules  which  possess  a  very  high  index  of  refraction. 
These  are  of  a  yellowish  color  and  stand  out  distinctly  from  the 
rest  of  the  section.  One  of  these  when  tested  in  convergent 
polarized  light  gave  the  characteristic  interference  figure  of 
titanite.  In  other  respects  they  present  very  much  the  appear- 
ance of  the  perofskite  grains  described  by  Diller,  Braokett,  etc. 
•^see  chap.  XIV). 

ApcUUe  is  rare. 

Magnetite  is  present  in  large  crystals,  but  as  it  is  always 
surrounded  by  a  band  of  leucoxene,  titanite  or  some  other 
titaniferous  mineral  it  is  probable  that  it  is  itself  highly  titani- 
ferous. 

The  groundm(i88  consists  of  small  allotriomorphic  orthoclase 
Ksrystals  and  some  amphibole  which  are  so  massed  and  dove- 
tailed  together  as  to  form  a  perfect  mosaic.  The  orthoclase 
orystals  are  distinguished  by  their  moderate  double  refraction 
and  the  fact  that  in  convergent  polarized  light  a  single  optic 
-axis  often  appears.  These  crystals  are  often  dotted  over  with 
minute  magnetite  crystals  which  do  not  seem  to  be  titaniferous 
like  the  larger  ones  and  in  many  cases  appear  simply  as  a  fine 
dust.  The  small  globular  titanite  grains  already  described 
occur  very  frequently  in  the  groundmass  and  increase  its  gener- 
ally dirty  appearance. 

In  some  of  the  sections  circular  spots  often  as  much  as  a 
millimeter  in  diameter  occur,  which  either  contain  nothing  but 
the  small  orthoclase  crystals  just  described,  or  else  orthoclase 
crystals  among  which  are  scattered  comparatively  large  plates  of 
amphibole.  These  plates  are  often  arranged  in  concentric  circles, 
Tesembliug  very  much  the  arrangement  of  the  inclu-iions  in 
leucite.  The  exterior  form  of  these  ^'groups''  of  orthoclase  is  not 
sharp,  but  in  every  case  in  which  these  spdts  have  been  observed 
they  are  approximately  circular  or  else  form  regular  polygons. 
It  appears  as  though  there  had  been  a  tendency  to  form  some 
regular  crystal  but  that,  instead  of  assuming  its  regular  internal 
structure,  the  crystal  had  become  a  mass  of  orthoclase  which,  to 
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«ome  extent,  preserved  the  external  form  of  the  uncompleted 
tsrystaL  The  ground  for  such  a  supposition  will  be  found  in  the 
tsousideratton  of  the  psendomorphs  of  orthoclase  and  nephe- 
line  after  lencite  described  later.     (Chapter  VII.  ii.  C.  1). 

As  neither  eleolite  nor  any  of  its  decomposition  products 
have  been  observed  this  rock  has  b<^en  classed  as  a  porphyritio 
•syenite.  It  is  probable,  however,  from  its  mode  of  occurrence  that, 
had  the  conditions  been  right,  eleolite  would  have  been  formed. 
It  is,  therefore,  in  reality  to  be  considered,  as  genetically  con* 
nected  with  the  eleolite  syenite  and  as  bearing  preci^iely  the 
«ame  relation  to  it  that  the  pulaskite  of  the  Fourche  Mountain 
tegion  bears  t6  the  eleolite  syenite. 

C.    Syenitio  Dike  Bocks. 
i.    Eleolite  Syenite  PegmaJtiie  Dikes. 

In  several  places  in  the  great  masses  of  eleolite  syenite 
«nd  especially  in  those  oi  the  southeast  quarter  of  section  16, 
-dikes  of  pegmatitic  rock  occur,  which  range  from  a  few  inches 
to  several  feet  in  width.  These  are  for  the  most  part  coarse- 
grained and  in  several  cases  contain  ores  of  lead  and  other 
metals  in  small  quantities.  The  positioub  of  these  dikes  are 
indicated  by  the  orange-colored  lines  on  maps  III.  and  III.  a. 
which  are  numbered  as  follows:  248,249,252,258,259,261, 
263. 

Ifacroseopieally  they  consist  of  a  combination  of  orthoclase 
und  a  small  quantity  of  some  dark  colored  basic  silicate, 
«380ciated  with  the  metallic  sulphides  when  such  are  present. 
The  general  appearance  of  the  rock  is  pegmatitic. 

Microscopically  the  orthoclase  is  microperthitic  in  its 
structure  and  is  somewhat  weathered  in  spots.  The  basic 
silicates  with  few  exceptions  consist  of  cegirite  in  the  form  of 
/nasaes  of  small  yellowish  green,  acicular  crystals.  These  are 
ofcen  grouped  together  in  irregular  masses  as  if  they  had  been 
formed  by  the  decomposition  of  some  older  minerals.  In  a  few 
cases  they  are  of  larger  size  and  show  a  distinct  cleavdge  parallel 


144  AKin7AI<  BBPOBT  8TATX  OSOLOaiST. 

to  the  priem  faces.  The  pleocbroism  and  other  optic'  character-^ 
istics  are  such  as  have  already  been  described.  Amphibole  aod 
bMile  are  of  much  less  common  occnrrence  than  the  »girite. 

EleolUe  occurs  in  large  crystals  which  usually  occupy  the 
interstices  between  the  orthoolase  crystals  and  take  their  form 
from  them.  In  a  iew  cases,  however,  they  are  idiomorphioally^ 
bounded  and  then  the  structure  becomes  truly  panidiomorphio- 
(l^ranular,  while  in  the  other  cases  it  is  only  hypidiomorphio- 
granular. 

There  is  so  much  difference  between  the  various  dikes  that 
many  of  them  must  be  taken  up  separately  and  their  peculiaritie& 
described.  It  is  to  be  understood  that  only  those  points  are 
mentioned  in  which  the  dike  in  question  differs  from  the  others^ 

Dike  No,  SiS  (See  map  III.  a.)  This  is  fine-grained  and 
shows  stout  orthoclase  oryst-als  intergrown  with  albite  (?)  in 
microperthitio  arrangement  and  also  to  a  great  extent  sur- 
rounded by  it.  The  albite  is  white  and  fresh  and  shows  sharp 
extinction  and  negative  double  refraction.  A  plagioclase  has  beea 
observed  which  is  probably  labradorite  but  it  can  only  be  con- 
sidered as  an  accessory  component.  Amphibole  and  biotite  occur 
in  minute  crystals,  intimately  associated  with  titanite  and  forming 
with  it  small  bunches  of  colored  crystals. 

Dike  No.  £61.  At  least  80  per  cent  of  this  dike  consists  or 
flesh-colored  or  yellowish  eleolite  which  is  partly  fresh  and 
partly  altered  to  long,  slender  decompohition  products.  The6e 
show  a  very  strong  double  refraction  which  suggest  the  presence 
of  cancrinite  (nee  chap.  VII.  ii.  B.  1.)  Aegirite  occurs  ia 
slender  needles  and  gives  a  greenish  color  to  the  rock.  Ortho* 
clase  is  present  only  in  email  quantities  but  is  usually  not  quite 
fresh  and  therefore  presents  a  semi-opaque  appearance  under  the 
microscope. 

Dike  No.  S6S.  This  is  coarse-grained  and  shows  large^ 
microperthitio  orthoclase  crystals  often  10  to  16  millimeters  in 
length,  which  are  tabular  parallel  to  the  clinoprnacoid^  (010)«. 
Between  these  are  found  large  crystals  of  eleolite,  often  much 
decomposed,  in  which  crystals  of.  aegirite  and  occasionally  of 
amphibole  are  imbedded.    These  egirite  crybtals  are  of  two 
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generations;  large*  idiomorphio  primary   crystalsi  and  small^ 
idiomorphic  aoienlar  crystals  of  a  later  formation* 

Dike  No.  S6S,  This  small  dike  is  only  a  few  meters  long 
and  pierces  the  Paleozoic  rock  of  Cedar  Park.  It  is  peculiar  io 
that  it  contains  both  qnartz  and  plagioclase. 

The  orthoolase  occurs  in  stout  idiomorphio  crystals  which 
are  often  prismatic.  Under  the  microscope  it  is  distinctly 
mioroperthitic.  The  plagioclase  is  very  scarce  and  occurs  only 
in  small  crystals.  From  its  extinction  angle  it  appears  to  belong 
to  the  labradorite  group.  The  quartz  is  in  small  masses  in- 
cluded between  the  feldspars.  It  is  sharp  in  its  extinction  and 
in  a  section  which  remained  almost  dark  during  a  complete  rev* 
olution  of  the  stage  showed  in  convergent  polarized  light  an 
indistinct  black  cross  which,  when  tested  with  a  mica  plate, 
indicated  the  positive  double  refraction  of  the  mineral.  The 
only  basic  silicate  found  is  a  bluish  green  amphibole  which 
occurs  in  large  crystals  very  much  corroded  around  the  edges. 

In  this  rock  both  the  plagioclase  and  quartz  are  accessory 
minerals.  It  is  probable  that  the  rock  took  up  the  silica 
necessary  to  form  the  quartz  from  the  Paleozoic  rock  through 
which  it  pas^^d. 

Dike  No.  ^49.  This  is  of  a  dark  yellowish  brown  color  and 
18  very  fine  grained.  It  is  spotted  with  dark  flecks  8  or  4mm 
in  diameter  which  appear  to  contain  small  quantities  of  galenite. 

Under  the  microscope  the  rock  is  seen  to  consist  of  small^ 
lath-like  feldspar  crystals  very  irregularly  arranged.  Many  of 
these  show  a  polysynthetic  twinning,  while  others  are  made  up 
simply  of  two  individuals  in  Carlsbad  combination.  It  is  prob-> 
able,  however,  that  the  majority  of  these  are  ortboclase.  The 
only  basic  silicate  which  is  recognizable  is  amphibole;  the  rest^if 
others  there  be,  are  too  much  decomposed  to  be  determined. 

This  rock  is  so  completely  holocrystalline  and  any  tendency 
to  a  porpyritic  structure  is  so  entirely  wanting  that,  notwith-^ 
standing  the  allotriomorphic  character  of  its  crystals  and  its  fins 
grain,  it  has  been  classed  among  the  aplitic  dikes. 

It  appears  from  the  foregoing  that  these  several  pegmatitia 

10  Geologioal;  Vol.  U«,  MM. 
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dikes  caD  hardly  be  considered  as  all  of  one  kind,  and  yet  it  is 
probable  that  they  were  all  formed  from  one  magma  and  that  their 
variations  are  doe  more  to  the  different  ways  in  which  they 
«ooled  and  to  the  difference  in  the  side  walls  between  which  they 
are  included  than  to  any  difference  in  the  composition  of  the 
magmas  from  which  they  were  formed. 

i.    Porphyritie  Dikes. 

The  eleolite  syenite  is  cut  by  numerous^  dikes  which  are 
porphyritie  and  not  pegmatitic  in  their  structure  and  do  not  re- 
semble those  just  described.  Two  distinct  types  of  these  have 
been  observed  and  they  differ  from  each  other  so  completely  that 
they  are  described  separately. 

a.    iEgirite  Tingu^ite. 

Dike  No.  £62.  This  is  a  dark,  almost  black  rock  showing 
white,  thick  prismatic,  porphyritie  feldspars  which  often  reach  a 
diameter  of  4  or  5mm.  This  rock  grades  imperceptibly  into  a 
dense,  grayish  rock  in  which  the  feldspars  are  gray  and  less  con- 
spicuous but  still  give  a  perfectly  porphyritie  structure  to  the 
•dike.  This  dike  is  about  1.6  meters  (5  feet)  wide  and  has  been 
traced  for  a  distance  of  about  6  meters  (20  feet). 

Under  the  microscope  the  porphyritie  character  of  the  rock 
is  very  evident.  The  large  phenocrysts  of  orthoclase  show  a 
thick  prismatic  form  and  are  usually  much  rounded,  although 
they  occasionally  show  a  very  sharp  contour.  The  sections  are 
usually  in  the  form  of  rhombs  or  wide  rectangles  which  give  a 
peculiar,  spotted  appearance  to  the  rock.  They  seldom  show  anj 
indications  of  an  admixture  of  other  feldspars  but  are  com- 
paratively homogeneous  in  their  composition  in  so  far  as  other 
ieldspathic  substance  is  concerned*  They  contain  numerous 
minute  gas-pores  which  are  all  elongated  parallel  to  the  vertical 
axis  of  the  crystals  and  give  a  dusty  appearance  to  the  sections 
when  seen  with  low  powers  under  the  microscope.  Basio 
silicates  of  the  first  generation  do  not  now  exist  but  skeletons 
remain  to  show  that  they  were  at  one  time  present.    Thus,  there 
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«ie  black  masses  of  magnetite  (?)  and  secondary  biotite  so  ar- 
ranged as  to  show  that  a  long  prism  of  some  basic  silicate  was 
once  present  but  was  destroyed  by  some  subsequent  action 
«o  that  nothing  but  the  skeleton  remains. 

Eleolite  and  sodalite  have  not  been  observed. 

The  groundmass  is  holocrystaliine  and  consists  of  a  mass 
of  allotriomorphio  orthoclase  crystals  often  arranged  more 
or  less  radially.  These  crystals  vary  greatly  in  size,  the 
largest  being  about  0.2mm  in  length  while  the  smallest 
«re  almost  below  microscopic  dimensions.  The  larger  of 
these  small  individuals  are  generally  twinned  according  to  the 
Oarlsbad  law.  They,  like  the  phenocrysts  seldom  contain 
other  than  orthoclastic  material.  Among  the  orthoclase  crystals 
there  are  scattered  innumerable,  minute  flakes  of  biotite  which 
are  evidentlyof  a  very  late  formation  since  they  never  show 
idiomorphic  forms. 

Magnetite  and  titanite  occur  both  among  the  phenocrysts 
«ad  in  the  base  and  present  no  peculiarities  worthy  of  mention. 

This  segirite  tinguaite  resembles  in  many  respects  the 
rkottiben^porphyr  of  Norway  ( Syenitpegmatitgange,  p.  36), 
which  has  been  described  by  many  writers,  but  is  not  identical 
irith  it. 

b.     Eleolite  Porphyry.  * 

This  constitutes  a  dike  (So.  267),  which  occurs  in  *'  Lett's 
mine,"  f  ^^  ^^^  shaft  which  was  sunk  in  a  search  for  precious 
metals  some  years  ago.  The  dike  runs  approximately  north  and 
^outh  and  is  about  30cm  (1  foot)  wide.  It  dips  60°  8,  W.,  and  is 
cut  at  an  angle  of  60°  by  a  dike  of  monchiquite.  (See  this 
-chapter,  rv.  B.,  Dike  266.)  The  porphyritic  dike  is  of  a  greenish 
<)olor  and  shows  lighter  spots  which  are  easily  recognized  as 
eleolite. 

Under  the  microscope  it  is  seen  to  consist  of  perfectly  trans- 
parent, colorless  eleolite  or  nepheline  crystals  6  or  6mm  in 
"diameter,  which  are  so  rounded  on  the  outside  that  no  crystal 
form  appears.      They  are  imbedded  in  a  fluidal  mass  of  yellowish 

*  For  A  fuller  description  of  this  tjpe  of  rock  B^t  ehapter  Vil.  n.  B.  8. 
1 2  S,  14  W.,  section  21,  near  center  of  north  line  of  northeast  quarter. 
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green  »gtrite  needles  which  give  a  porphyritic  appearance  to 
the  rock. 

The  deoliU  is  generally  perfectly  fresh,  but  it  is  some- 
times surroanded  by  a  narrow  rim  of  calcite  and  in  rare- 
cases  has  been  completely  altered  to  other  minerals.  It  contains- 
needles  of  egirite  as  inclusions  and  occasionally  calcite  and  other 
decomposition  products  in  very  small  quantities.  Sections* 
which  remain  dark  in  parallel  polarized  light  give,  when  ex- 
amined in  convergent  polarized  light,  a  black  cross  which,  when^ 
tested  with  a  mica  plate,  shows  the  negative  character  of  the- 
double  refraction  of  the  mineral. 

Orthoolaae  occurs  sparingly  in  idiomorphic  crystals,  making 
up  about  10  per  cent  of  the  rock  while  the  eleolite  constitutes 
at  least  50  per  cent  of  the  whole. 

The  orthoclase  is  tabular  parallel  to  the  dinopinacoid  (010^ 
and  is  somewhat  kaolinized. 

Plagiodase  appears  usually  in  small,  stout  prisms  but  has 
been  observed  in  larger  ones  which   sometimes  reach  0.5mm  in. 
diameter.    The  twinning  lamellae  are  very  distinct  and  the  ex- 
tinction measured  on  a  few  sections  indicates  that  the  plagtoclase 
belongs  to  the  labradorite  group. 

Basic  silicates. — The  only  basic  silicate  which  has  been* 
observed  in  any  quantity  is  segirite.  It  appears  in  large  pheno- 
crysts  of  a  yellowish  green  color.  These  are,  however,  un-^ 
common  and  it  usually  occurs  in  small  needle-like  prisms  which 
are  often  very  long  and  extremely  slender.  These  needles  have 
been  observed  in  some  specimens  to  be  at  least  one  hundred 
times  as  long  as  they  are  broad.  They  are  perfectly  straight  bal 
are  occasionally  cut  transversely  by  irregular  cleavage-planes*. 
The  other  properties  of  this  mineral  are  precisely  those  of  the 
egirite  needles  described  elsewhere.  These  crystals  are,  how- 
ever, primary  and  not  secondary  in  their  formation.  In  most  of 
the  thin  sections  of  this  rock  which  have  been  examined  these 
small  Agirite  crystals  are  seen  to  form  a  perfect  ^^flow  structure'^ 
about  the  eleolite  aod  large  phenocrystic  segirite  crystals  and 
alone  to  constitute  the  greater  part  of  the  groundmass  of  the^ 
rock. 
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ApaiUe  and  magnetite  have  been  observed  in  small  quan- 
tities. 

Deoomqxmtion  produeta. — Where  the  eleolite  is  deoomposed 
ii  forms  needles  of  highly  double  refracting  material  whose  com- 
position have  not  been  definitely  determined  bat  which  evidently 
belong  among  the  zeolites.    Cancrinite  also  occurs  in  this  rock. 

It  is  probable  that  this  rock  is  closely  connected  in  its  origin 
with  the  eleolite  syenite  in  which  it  is  found.  Its  occurrence  as 
>a  dike,  however,  which  is  easily  distinguishable  and  its  very 
dissimilar  macroscopic  and  microscopic  appearance  make  its 
-separation  and  special  description  a  matter  of  necessity. 

A  very  similar  rock  from  the  eleolite  syenite  region  near 
£eemerville,  N.  J,  has  lately  been  sent  to  the  writer  by  Prof.  J. 
P.  Kemp,  who  has  in  preparation  a  paper  in  which  he  will 
describe  the  various  porphyritic  forms  of  eleolite  syenite  near  the 
^'great  foyaite  dike''  of  Emerson.* 

The  resemblance  between  these  two  rocks  is  very  striking 
4ind  shows  that  eleolite  porphyry  dikes,  like  the  one  just  described, 
4ire  not  confined  to  Arkansas  but  occur  in  other  eleolite  syenite 
^regions. 

D.    Porpbyritio  Border  Rook  (Mgirite  Tingu&ite,) 

The  most  important  point  at  which  this  rock  has  been  found 
in  the  Saline  County  region  is  on  the  west  side  of  the  mass  of 
•eleolite  syenite  in  which  Lett's  mine  is  located  and  lies  due  west 
^f  the  latter.  This  rock  is  of  a  dark  bluish  gray  color  and 
•shows  sharply  defined  orthoclase  crystals  scattered  through  it. 
It  covers  an  area  of  not  more  than  an  are  (i  acre)  and  occurs 
only  io  loose  blocks. 

Under  the  microscope  it  shows  a  completely  porphyritic 
structure,  with  large  orthoclase  crystals  often  8  to  10mm  in 
SIM,  lying  in  a  fine«grained,  holocrystalline,  feldspathic  ground- 
mass.  The  large  orthoclase  crystals  are  nsually  somewhat 
kaolioiflsed  about  the  outside  and  in  the  interior  they  contain 

•  On  th«  great  dike  o(  Foyaltoor  Blaolite  Syenite  catting  the  Hadaon  BiTer  ihalee  in 
-northwestern  New  Jenef,  bj  Ben.  K.  Kmenoni  Am.  Joor.  Soi.,  Series  8,  Vol.  ZXIII.,  1882, 
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qaantities  of  the  groundmaes  which  has  here,  as  well  as  on  the 
outside,  taken  the  form  of  small  crystals  of  both  orthoclase  and 
plagioclase.  Large  biotites  also  occur  sparingly  in  this  rock  and 
sometimes  reach  a  diameter  of  5mm. 

The  groundmass  consists  of  a  confused,  but  holocrystalline^ 
mass  of  orthoclase,  plagioclase  and  biotite  with  magnetite  and 
titanite  or  leucozene.  The  groundmass  is  stained  in  places  by 
the  decomposition  of  some  of  the  iron  ores  and  presents  a. 
yellowish  appearance. 

No  eleolite  or  nepheline  has  been  obserired  but  a  portion  ot 
the  powdered  rock,  when  treated  with  hydrochloric  acid  and 
evaporated  to  dryness,  gave  evidence  by  the  formation  of  numer- 
ons  sm^l  cubes  of  salt  that  sodium  was  present  in  some  soluble- 
form.  It  is,  therefore,  possible  that  the  sodium  is  contained  in* 
the  groundmass  which  is  made  up  of  such  fine  individuals  that  a 
nepheline  crystal  might  easily  be  mistaken  for  orthoclase.  Aa 
attempt  at  etching  and  coloring  with  fnchsine  was  not  very  satis- 
factory for,  although  it  was  evident  that  a  little  gelatinous  silica, 
was  formed,  it  was  very  difficult  to  decide  to  which  one  of  the- 
very  minute  crystals  it  belonged.  Reasoning  from  analogy  it  ia 
fair  to  assume  that  this  rock  is  probably  one  of  the  segirite 
tingu^ites  which  in  some  cases  approach  quite  closely  to  the 
eleolite  tingu^ites  in  their  appearance  and  characteristics.  The- 
rock  is  uoimportant  and  as  it  cannot  be  found  in  place  aids  little- 
in  explaining  the  genetic  relation  of  this  type  of  rock  to  the 
eleolite  syenite.  Its  princi[ial  interest  lies  in  the  fact  that  it  is 
very  similar  in  many  respects  to  the  tingu^ites  described  frook 
the  Fourche  Mountain  region  (p.  99). 

IV.    PETBOGBAPHIC  BESCBIPTIOK  OF  THE  AUGITIC  BOCKS. 

Monchiquite  dikes  are  found  in  all  parts  of  this  regioD> 
cutting  the  syenite  in  all  directions,  as  may  be  seen  by  a  refer- 
ence to  the  map  and  general  table  of  igneous  dikes  (chap.  XIII).. 
They  are  usually  comparatively  narrow  and  appear  as  dense,, 
black  bands  lying  in  the  light  colored  eleolite  syenites.  Macro- 
Bcopically  most  of  them  present  the  same  general  appearance  bafc 
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differ  to  some  extent  in  the  size  of  the  crystals  of  which  they  are 
composed.  In  many  cases  the  large  augite  crystals  are  macro*- 
scopically  easily  detected,  while  in  others  the  rock  appears  like  a 
dense,  black,  ponderous  mass,  showing  no  phenocrysts  which  are 
visible  to  the  naked  eye.  Under  the  microscope  two  types  of 
this  rock  are  distinguishable ;  they  will  be  described  separately 
and  in  the  order  of  their  importance. 

A.    Amphibole  Moncbiquite. 

Under  this  head  are  described  the  large  dikes,  numbered 
2T6  and  268  and  the  less  important  one  numbered  272.  These 
rocks  consist  of  comparatively  small  phenocrysts  of  basic  silicates- 
imbedded  in  a  feldspathic  or  glassy  groundmass.  The  larger 
dikes  have  a  general  southwesterly  direction  and  are  from  5  to* 
10m  (16  to  32  feet)  wide.  They  consist  of  idiomorphic 
basic  silicates  lying  in  a  partially  amorphous  groundmass. 
Macroecopically  the  rock  appears  almost  black,  but 
shows  light  colored  globules,  sometimes  as  much  as  2mm  in 
diameter,  which  give  to  it  a  spotted  appearance.  On  polished* 
snrfauMs  these  appear  as  small,  white,  nearly  circular  dots.  When 
examined  under  the  microscope  the  rock  loses  its  dark,  compact 
appearance  and  shows  very  distinctly  its  hypocrystalline  structure.. 
The  most  important  crystals  are  the  basic  silicates  which  make- 
op  about  three-quarters  of  the  whole  mass  of  the  rock. 

AuffUe  is  the  most  important  mineral  amqng  the  pheno'- 
orysts.  It  forms  idiomorphic,  thick  prismatic  crystals  which  are 
often  a  millimeter  in  length  and  of  half  that  thickness.  Under 
the  microscope  these  appear  a  light  brown,  but  show  a  slighti 
tinge  of  violet  which  indicates  the  presence  of  titanium  in  their 
composition.  They  are  bounded  by  the  prisms  (110),  both  pin* 
acoids  (100,  010),  the  negative  pyramids  (111)  and  the  base- 
(001),  and  show  an  inclination  to  form  intergrowths  which  may 
be  penetration  twins.  The  usually  common  twins  parallel  to  the- 
orthopinacoid  (100)  are,  however,  in  this  case  extremely  rare. 
Cleavage  parallel  to  the^prism  faces  (110)  is  not  as  marked  as  in 
other  varieties  of  pyroxene,  but  irregular  cracks  parallel  to  the 
clinopinacoid  (010)  and  the  base  (001)  are  more  frequently  ob- 
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nerved  than  in  the  fatter.  The  crystals  show  but  little  pleo- 
chroism  and  the  relative  intensities  of  the  absorption  of  light 
appear  to  be  as  follows: — 

c>b>a. 

When  polarised  parallel  to  a  a  yellowish  tinge  is  observed, 
while  for  b  and  c  slightly  violet  tints  prevail. 

Id  polarized  light,  sections  at  right  angles  to  the  vertical 
axis  are  dark  when  the  cross-hairs  bisect  the  angles  made  by  the 
cleavage-planes  parallel  to  the  prism  faces.  In  sections  parallel 
to  the  symmetry  plane  (010)  (or  nearly  so)  c  lies  in  the  obtnse 
angle  j9  and  makes  with  the  vertical  axis  an  angle  of  about  60^. 
Almost  all  the  crystals  show  a  beautiful  hour-glass  structure  while 
the  usually  common  zonal  structure  appears  to  be  entirely  want- 
ing. The  V-shaped,  disconnected  parts  of  the  hour-glass  whose 
bases  lie  in  the  basal  planes  of  the  crystal  have  a  slightly  smaller 
extinction  angle  than  the  outside  portions.  The  large  angle  of 
extinction  of  the  whole,  when  taken  in  tx>nnection  with  the  light 
color  and  almost  total  lack  of  pleochroism,  indicates  that  the 
augite  contains  more  alumina  than  iron. 

The  augite  contains  but  few  inclusions.  Apatite,  magnetite 
and  pyrite  have  been  frequently  noted,  and  in  some  cases  biotite, 
which  has  been  partly  surrounded  by  the  augite,  appears.  Oc- 
casionally the  augite  is  found  to  be  older  than  the  olivine 
while  in  other  cases  the  converse  is  true. 

Amphibole  in  point  of  quantity  ranks  next  to  the  augite  and 
before  the  olivine  and  biotite.  It  forms  reddish  or  yellowish 
brown,  prismatic  crystals  which  are  sometimes  double  the  length 
of  the  pyroxeoe  prisms  and  are  usually  somewhat  more  slender. 

The  faces  which  have  been  observed  are  the  prisma  (110), 
the  clinopinacoid  (010),  less  commonly  the  orthopinacoid  (100) 
and  the  base  (001).  In  some  cas^s  faces  were  observed  which 
were  supposed  to  be  some  of  the  clinodomes  (0ml).  The  cleav- 
age cracks  parallel  to  the  prism  (110)  faces  are  very  distinct  and 
close  together. 

The  pleochroism  and  absorption  are  very  strong.  The  fol- 
lowing relations  exist  between  the  axes  of  elasticity  and  the 
colors : — 
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polarized  parallel  a  light  yellowish  brown, 
polarized  parallel  b  and  c  dark  reddish  brown. 

The  absorption  is  c=b>a. 

The  extinction  angle  between  o  and  c  is  in  general  very 
vmall,  bat  it  has  been  observed  as  high  as  6^;  c  lies  in  the 
acate  angle  ^.  The  color,  pleoohroism  and  small  angle  of  ex- 
tinction all  indicate  that  the  amphibole  belongs  to  that  variety 
known  as  boMltio  hornblende* 

The  amphibole  contains  but  few  inclusions  of  microscopic 
-dimensions  although  apatite,  magnetite  and  pyrite  are  not  an- 
'Common.  Amphibole  crystals  frequently  occur  surrounding 
augite  and  are  often,  though  not  necessarily,  found  in  parallel 
intergrowth  with  it.  Olivine  also  occurs  surrounded  by  this 
mineral. 

Olivine  appears  in  the  available  specimens  of  this  rock  only 
as  terpentine.  This  decomposition  product  has,  in  almost 
all  cases,  retained  the  crystal  form  of  the  olivine  so  that  there  is 
no  difficulty  in  determining  the  mineral  from  which  it  was 
formed.  In  some  cases  even  the  cleavage-cracks  retain  the 
positions  that  they  had  in  the  undecomposed  mineral.  These 
pseudomorphs  after  olivine  are  often  0.2  or  0.3mm  in  length. 

BiatiU  occurs  less  frequently  than  the  other  basic  silicates 
4ind,  when  it  is  present,  it  forms  small,  thin  plates  which  are 
seldom  more  than  two-tenths  of  a  millimeter  in  diameter, 
although  a  few  flakes  have  been  observed  which  are  as  much 
as  two  millimeters  in  size.  The  biotite  is  normal  in  all 
respects  and  needs  no  particular  description.  The  absorp- 
tion of  light  is  very  great  parallel  to  the  plane  of  a  and  6. 
Inclusions  are  few  in  number  and  only  those  that  usually 
occar  have  been  observed  in  this  mineral. 

The  order  in  which  the  basic  silicates  were  formed,  as 
indicated  by  their  idiomorphic  or  allotriomorphic  forms,  is  as 
follows :  Apatite  and  iron  ores,  olivine,  biotite,  pyroxene, 
-amphibole. 

The  groundmase  consists  of  a  transparent,  colorless  mass, 
-some  of  which  appears  perfectly  isotropic  while  the  rest  is 
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doable  refracting.  It  is  probable  that  l^he  double  refracting^ 
minerals  are  plagioclase  and  orthoclase,  for  in  all  case& 
which  have  been  tested  they  have  been  foand  to  be  biaxial. 
That  this  is  the  case  has  been  shown  by  the  extinction^ 
which  is  usually  inclined  to  what  appears  to  be  the  vertical 
axis,  and  by  the  crystal's  behavior  in  convergent  polarized 
light.  Under  the  latter  conditions  it  is  found  that,  where 
the  section  remains  dark  or  nearly  so,  one  optic  axis  show- 
ing a  wide  black  band  remains  in  the  field  and  swings  about: 
some  point  as  a  center  when  the  stage  is  revolved. 

The  orthoclase  is  tabular  in  form  and  shows  a  cleavago^ 
parallel  to  the  dinopinacoid  (010)  which  is  fully  as  perfect  as. 
that  parallel  to  the  base  (001).  The  character  of  the  double^ 
refraction  is  negative  as  determined  by  means  of  a  selenite 
plate  in  several  sections  elongated  parallel  to  o.  These 
crystals  are  naturally  younger  than  any  of  the  basic  silicatesy. 
but  where  they  come  in  contact  with  the  uncrystallized 
glass  they  show  idiomorphic  forms.  They  include  innumer- 
able needles  of  apatite  and  also  small  cubes  of  pyrite.  The^ 
plagioclase  shows  no  very  sharp  twin  lamellae,  but  is  char-, 
acterized  by  its  lath-like  form  and  its  wavy  extinction. 

The  glass  occurs  only  in  spots  and  consists  of  a  perfectly 
isotropic,  amorphous  substance  about  which  are  arranged  the- 
crystals  of  orthoclase,  plagioclase  and  the  basic  silicates.    It 
shows  no  optic  anomalies  and  appears  perfectly  isotropic- 
when  it  has  not  been  altered  by  secondary  action.     A  thick 
section  of  a  small  splinter  of  this  glass  was  examined  and  it 
showed  no  optic  activity  whatever.    Irregular  cracks   occur- 
which  in  some  cases  form  angles  approaching  60^  and  90\ 
but  these  values  are  probably  only  accidental.      A   small 
quantity  of  glass  obtained  from  this  rock  when  heated  with 
hydrochloric  acid  on  an  object-glass  dissolved  in  part  and 
showed  in  the   dried  residue    gelatinous  silica  'and  smalb 
cubes  of  salt.    In  another  portion,  which  was  dissolved  ia 
nitric  acid,  silver  nitrate  produced  no  cloudiness  thus  proving- 
that  chlorine   is    not   present.      A    similar    test,   made  in  a. 
hydrochloric    acid    solution    with    barium  chloride,    likewise- 
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gave  negative  results -thus  proving  the  absence  of  salpharic  acid» 
It  i^y  therefore,  probable  that  the  magma  which  was  left  after> 
the  formation  of  the  basic  silicates  was  a  strongly  alkaline  sab- 
stance  and  that,  in  most  cases,  it  crystallized  finally  in  the  form 
of  orthoclase  or  plagiodase.    These  substances  occupied  most  of 
the  small  spaces  between  the  crystals,  but  when  larger  masses  of 
base  were   formed  it  only  crystallized  about  the  edges  and  left  a. 
glass  in  the  center.      The  minerals  which  formed  during  this 
partial  crystallization  probably  include  nepheline  among  them^ 

From  the  foregoing  it  is  evident  that  the  rock  belongs  to 
the  group  of  augitic  Paleozoic  dike  rocks  associated  with  eleolite^ 
syenite  and  should  be  called,  according  to  Bosenbusob's  paper  on 
monchiquite  (1.  c),  an  amphibole  monchiquite.  (See  page  109)^ 
In  some  respects  it  bears  a  very  strong  resemblance  to  the^ 
camptoDites  as,  indeed,  do  all  the  monchiquites. 

Before  leaving  the  description  of  this  type  something  must 
be  said  in  regard  to  dike  272.      It  is   not  completely   uniform, 
throngbout  in  texture  and  while   part  of  it  is  like   that  just 
described  the  rest  differs  from  it  generally  in  being  somewhat, 
finer  grained  and  especially  in  showing  inclusions  of  eleolite 
syenite.     These  appear  usually  in  the  form  of  pieces  of  eleolite 
or  nepheline  6  to  10mm  in  diameter,  but  in  other  cases  masses  or 
orthoclase,  including  biotite  and  sometimes  segirite,  have  been 
found  which   are  several   centimeters   in   diameter.      In  thin 
sections  these  fragments  of  eleolite  syenite  are  seen  to  contaia 
cracks  into  which  the  augitic  rock  has  forced  itself,  as  is  proved 
by  the  fluidal  structure  which  appears  in  the  latter.      In  many^ 
specimens  the  dike  rock  presents  a  spongy,  lava-like  appearance^ 
The  included  fragments  show  little  or  no  evidence  of  having 
been  altered  by  contact  with  the  molten   monchiquite  and,  on 
the  other  hand,  the  dike  rock  itself  shows  only  a  slight  change.^ 
It  peems  to  have  become  a  little  denser  and  finer  grained  near 
the  edge ;  with    the  exception  of  olivine,  none  of  the  pheno- 
crysts  approach  to  within  half  a  millimeter  of  the  contact  line^ 

B.    Monchiquite. 

This  type  includes  rocks   which  are  similar  to  those  last; 
mentioned,  except  that  in  this  case  the  amphibole  is  almost  com^ 
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pletely  wanftiog.  The  light  oolored  silicates  and  light  glassy 
tisse  are  either  entirely  absent  or  are  present  only  in  very  small 
^qoantities.  They  are  replaced  in  this  rock  by  a  dark,  glassy 
base  which  fills  the  spaces  between  the  bisilicates  and  forms  an 
isotropic  gronndmass.  It  is  anlike  the  light  colored  feldspathic 
•|;roandmass  decribed  ander  the  %mphibole  monchiquite  type. 

Augiie  and  olimne  appear  in  two  generation  and  the  pheno- 

-crysts  often  reach  a  diameter  of  several  millimeters  while  the 

*<)rystals    of  the  younger  generation    are  always   very  small. 

Amphibole  never  occurs  among  the  phenocrysts.  and  ocoasiooally 

'sinks  into  insignificance  in  the  gronndmass. 

In  order  to  discuss  the  characteristics  and  peculiarities  of 
these  dikes  they  are  treated  separately  as  was  done  in  the  case 
-of  the  amphibole  monchiquites. 

Dike  No.  ess  is  about  20m  (66  feet)  long  and  46  cm  (18 
inches)  wide.    It  lies  in  a  southwesterly  direction  and  is  im- 
bedded in  the  syenite  to  which  it  does  not  appear  to  adhere  in 
"^the  least.    The  augite  is  in  this  case  more  prominent  than  the 
olivine  which  is  usually  much  altered  to  serpentine.    The  small, 
^hite,  isotropic   spots   already  mentioned  are  found  scattered 
spa[ringly  through  this  rock.    The  gronndmass  consists  of  augite 
•and  olivine,  without  amphibole,  closely  packed  in  the  dark,  glassy 
4>ase. 

Dike  S64'  is  one  meter  (39  inches)  wide  and  lies  nearly  north 
•and  south.  It  contains  large  phenocrysts  of  augite  and  olivine, 
often  4  or  5mm  in  diameter  lying  in  a  very  dark,  fine-grained 
•  gronndmass.  The  olivine  is  colorless  and  shows  decomposition 
only  along  its  lines  of  cleavage  which  are  then  beautifully 
bordered  by  bands  of  a  green  material  which  is  probably  serpen- 
tine. 

The  gronndmass  contains  small  round  spots  which  are 
'usually  about  0.5mm  in  diameter  and  which  are  filled  with  a 
perfectly  isotropic  substance,  presumably  similar  to  that  described 
tinder  amphibole  monchiquite  (p.  1.64.)  These  spots  are  much 
smaller  and  much  more  sharply  defined  than  in  the  preceding 
^oase,  and  when  tested  with  hydrochloric  acid  in  the  section  they 
«^latinize  readily   with  formation  of  numerous  cubes  of  salt» 
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The  presenoe  of  sulphario  aoid  cannoti  be  deteoted  microchem*. 
ioally.  Tbie  light  colored  glass  is  frequently  found  inoladedj 
in  the  phenoorysts  of  augite. 

Minute  augite  and  hornblende  needles  with  grains  of  mag- . 
netite  constitc^  the   crystals  which  lie  imbedded   in  the  dark, 
amorphonsy  glassy  base  and  form  the  groundmass  in  which  the. 
phenocrysts  occur. 

Dike  S66  forms  a  mass  of  rock  about  20m  (66  feet)  iik, 
diameter  and  shows  itself  to  be  an  extremely  coarse-grained 
mixture  of  oliTine  and  augite  in  which  the  former  is  somewhat 
more  important  than  the  latter.  Thp  olivine  has  changed  en-^. 
tirely  to  calcite  and  other  light  colored  decomposition  products 
but  is  easily  determined  by  its  form.  The  groundmass  is  so  fine 
and  so  completely  decomposed  that  nothing  can  be  determined^ 
in  regard  to  its  properties. 

Dike  S66  is  1.2m  (4  feet)  wide  and  runs  in  a  northwest 
direction.  It  cuts  the  other  dike  (p.  147)  which  is  found  in  Lett's- 
mine  at  an  angle  of  about  60^.  It  differs  from  the  preceding 
dikes  in  showing  some  of  the  white,  glassy  base,  numerona. 
amphiboles  in  the  groundmass  and  large  crystals  of  apatite.  The 
large  crystals  of  pyroxene  often  include  small  olivine  crystals, 
and  some  of  the  glassy  base  which  is  occasionally  altered  to 
radially  arranged  zeolites.  This  dike  forms  an  intermediate 
stage  between  the  two  types  of  monchiquite  under  consideration. 

The  rocks  of  this  second  type  evidently  belong  to  the  true 
monehiqaitee  which  contain  neither  amphibole  nor  biotite   in 
large  quantities.    They  approach  in  some  respects  the  pikrite^ 
in  the  same  sense  that  the  rocks  of  the  first  type  resembled  the 
ooiftp^ontto. 

V.    ooNTAcrr  books. 

A.    Ced&r  P&rk. 

Oecwrrence. — In  the  Saline  County  region  the  contact  rocke, 
play  but  a  small  part  in  the  petrography  of  the  igneous  area«. 
As  has  already  been  explained,  the  contact  of  the  syenite  with 
the  surrounding  Paleozoic  rocks  is  everywhere  covered  up  hy 
aand  and  only  in  a  few  places,  where  the  sedimentary  rocks  are- 
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incladed  in  the  i^i^neoas  rooks,  oaa  sach  contacts  be  obeerved.  *  In 
the  ease  of  the  largest  of  these  included  areas,  known  as  Cedar 
Park,  the  sandstone  is  for  the  most  part  entirely  unaltered,  but 
^at  one  point  on  the  northeast  side  there  are  a  namber  of  rocks 
which  are  either  the  result  of  a  very  complete  metamorphism  of 
the  sedimentary  rocks  or  else  they  constitute  a  very  peculiar 
form  of  dike  rock,  which  has  been  fully  as  much  altered  by  the 
^contact  with  the  sedimentary  rocks  as  the  latter  must  be  oon« 
eidered  to  have  been  if  the  dike  is  correctly  associated  with  them* 

This  rock  forms  a  band  lying  between  an  igneous  dike  and 
the  sedimentary  rock  and  on  both  sides  the  transition  from  it  to 
the  adjacent  rock  is  very  gradual.  Two  of  the  minerals  which 
it  contains  would  suggest  an  igneous  origin  for  it,  but  the  mode 
-of  occurrence  of  the  rock  appears  to  indicate  a  sedimentary  origin 
<and  complete  metamorphism. 

AatrophyllUe. — The  first  and  more  interesting  of  the  crystals 
tnentioned  above  consists  of  an  orange-  or  bronze-colored  mineral 
seldom  exceeding  a  millimeter  in  its  greatest  dimension  and 
-especially  characterized  by  its  perfect  mica-like  cleavage.  It 
was  the  good  fortune  of  the  writer  to  show  a  slide  and  a  small 
iiand  specimen  of  the  rock  containing  crystals  of  this  mineral  to 
Dr.  George  H.  Williams  of  Johns  Hopkins  University,  and  to 
receive  from  him  the  suggestion  that  it  was  astrophyllUe  and  re- 
•eembled  very  closely  the  specimens  from  Norway  described  by 
Brogger. 

In  order  to  make  sure  that  the  resemblance  to  astrophyllite 
^as  not  merely  apparent  the  writer  made  the  following  tests 
which  proved  conclusively  the  identity  of  the  mineral.  A  small 
flake  of  it  was  dissolved  on  a  platinum  wire  in  microcosmio  salt 
and  the  resulting  bead  was  heated  in  a  reducing  flame  with  a 
«crap  of  metallic  tin.  The  bead  assumed,  after  a  few  moments, 
a  beautiful  violet  color.  In  order  to  confirm  this  test  a  little 
ferrous  sulphate  was  added  to  the  bead  and  it  was  again  heated 
until  it  was  transparent.  While  hot  it  appeared  yellow,  but  on 
'isooling  it  suddenly  assumed  a  most  brilliant  blood-red  color. 
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These  two  reactions  proved  beyond  a  doabt  that  titaniam  was 
present  in  relatively  large  quantities*. 

Another  fragment  was  examined  spectroscopioally  without 
first  dissolving  it  and  it  showed  both  the  potassium  and  sodium 
lines  distinctly.  The  presence  of  manganese  was  easily  detected 
by  the  blnish  green  color  obtained  by  smelting  a  small  quantity 
of  the  mineral  with  sodic  carbonate  upon  platinum  foil. 

A  crystal  of  this  mineral  when  examined  under  the  weaker 
powers  of  the  microscope  showed  the  following  faces:  coFob 
<100),  the  perfect  cleavage-plane;  P(lll);  P2  (122);  and 
iPSb  (203)  (?).  The  angles  between  the  macropinacoid  (100) 
and  the  two  sets  of  pyramids  were  roughly  measured  upon  the 
microscope  stage  and  gave  th^  following  values : — 

Measured.      Calculated  (Brogger) 

(100):  (111) 45°  45^54' 

(100)  :  (122) 65°  64°  9 

The  existence  of  the  face  fPdo  (203)  could  not  be 
satisfactorily  determined,  although  in  one  ease  a  decided  trunca- 
tion of  the  angle  where  this  face  should  appear  was  observed. 

In  thin  sections  the  mineral  appears  in  the  form  of  idiomor- 
phio  crystals  of  an  orange  color  which  show  a  strong  pleochroism. 
When  the  cleavage-planes  stand  at  right  angles  to  the  polariza- 
tion plane  of  the  lower  nicol  the  color  is  a  deep  orange,  and 
when  they  are  situated  parallel  to  it  the  mineral  assumes  a 
lemoD-yellow  color. 

The  pleochroism  may  be  expressed  as  follows  :— 
Polarized  parallel  a  orange-red. 
Polarized  parallel  b  orange-red  (or  orange-yellow)  f 
Polarized  parallel  c  lemon-yellow. 
The  absorption  is  as  follows : — 

a=or>b>c 
In  convergent  polarized  light  a  single  axis  is  occasionally 
observed  in  thin  sections  of  this  mineral.     In  cleavage- plates  the 

*  Aatiopbyllite  conUint  thMretlrally,  according  to  a  formula  based  upon  KOnig't  anal- 
ysis of  tlie  mineral  from  El  Paso  Co.,  Colorado  (Zelt  fQr  Min.  and  Kryst.,  Vol.  I.,  p.  4z8)  84.91 
per  ont  of  ilunic  oxtde  (Brfigger,  Syenltpegmatitginge,  p.  212). 

fBKSgger,  loc.Qit.  makes  this  dlstiociion  between  a  and  6,  which,  howerer,  bardlf 
«pp«an  in  the  raline  countj  specimens. 
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optic  axes  are  foand  to  be  too  wide  apart  to  appe^ir  in  the> 
field  bat  it  is  eyident  that  the  bisectrix  stands  at  right  angles 
to  the  plane  of  cleavage.  The  extinction  in  parallel  polarised 
light  is  parallel  and  perpendicular  to  the  cleaTage-planes  and  is 
sharp.  The  mineral  is  entirely  free  from  inclusions  of  all  kinds* 
It  is  easily  distinguished  from  the  mica  group  by  the  fact  that 
the  greatest  absorption  takes  place  when  the  cleavage-planes  are 
at  right  angles  to  the  plane  of  the  nicol  while  in  ordinary  micas 
the  reverse  is  the  case. 

.£girite. — The  other  mineral  of  special  interest  in  this  rock 
occurs  in  long,  extremely  slender  prisms— often  5mm  in  length^ 
which  seldom  if  ever  exceed  0.08mm  in  diameter.  Under  the 
microscope  they  are  seen  to  have  perfectly  sharp  idiomorphio 
forms  and  seldom  show  any  cleavage-cracks.  They  have  a 
comparatively  high  index  of  refraction  and  show  black  borders 
alon^  both  sides,  which  are  evidently  due  to  a  total  refraction  of 
light.  From  these  considerations  and  the  fact  that  the  minute 
prisms  seemed  to  have  an  orientated  extinction  it  seemed  possible 
that  the  mineral  in  question  was  epidote,  and  consequently  a^ 
small  crystal  was  detached  from  the  rock  and  measured  on  a 
reflection  goniometer.  It  gave  very  exactly  the  angles  between 
the  prism  (110)  and  clinopinaooid  (010)  faces  of  the  pyroxene 
group,  and  this  in  connection  with  the  small,  almost  impercepti* 
ble  angle  of  extinction  shows  the  mineral  to  be  (zgiriU. 

The  character  of  the  almost  white,  semi-transparent  ground- 
mass  in  which  these  minerals  are  imbedded  has  not  as  yet  been 
determined  with  any  certainty,  but  as  soon  as  this  is  done  some 
light  may  be  thrown  upon  the  origin  of  the  rock. 

B.    Inclusion  in  Section  21. 

Petrographic  description, — The  rock  which  forms  the  small 
mass  of  included  material  described  and  pictured  on  page  128v 
although  it  appears  macroscopically  to  be  an  almost  unaltered 
shale,  when  examined  under  the  microscope  is  seen  to  have  under- 
gone a  very  complete  metamorpbism.  A  thin  section  out  from  a 
piece  of  rock  10cm  from  the  direct  contact  with  the  igneous  rock 
when  examined  in  non-polarized  light  shows  that  it  consists  of  a 
colorless,  transparent  base,  in  which  are  scattered  small,  rounded 
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plates  of  biotite  which  show  extremely  marked  pleochroism  and* 
very  strong  absorption  of  light.  Irregularly  bounded  amphibole- 
crystals  appear  which  present  the  appearance  of  having  beeo' 
very  strongly  resorbed,  but  whose  irregular  outline  is  due  to  an* 
impeded  crystallization  and  not  to  a  secondary  corrosive  action*- 

Irregular  grains  and  cellular  masses  of  a  light  colored, 
highly  refracting,  yellowish  mineral,  which  resembles  leucozene 
has  been  observed  in  many  places.  Its  index  of  refraction  is 
high,  but  its  double  refraction  in  low.  Pyrite  is  also  very 
common. 

In  parallel  polarized  light  the  base  is  seen  to  be  made  up  of 
a  complete  mosaic  of  irregularly  bounded  feldspar  crystals.. 
These  are  fitted  in  together  in  such  a  way  that  no  interstitial 
spaces  whatever  are  left.  The  crystals  are  usually  thick 
prismatic  in  form  and  show  an  undulatory  extinction.  The 
polarization  colors  are  somewhat  higher  than  those  usually 
observed  for  feldspar.  The  character  of  the  double  refraction  i» 
negative. 

If  examined  without  a  knowledge  of  its  origin  this  rock 
would  certainly  be  placed  with  the  igneous  and  not  with  the- 
metamorphic  rocks. 

VI.      KBIiATIONS  OF  THE  IGNEOUS  BOCKS  TO  EACH   OTHEE  AN]> 
TO  THE   ADJACENT  8EDIMENTABY   BoCKS. 

In  the  Saline  County  region  the  relations  of  the  igneous- 
rocks  to  each  other  and  to  the  sedimentary  rocks  are  much  more 
simple  than  those  of  the  Fourche  Mountain  region. 

The  large  masf>es  of  eleolite  syenite  were  forme(]^ 
below  a  covering  which,  like  that  in  the  Fourche  Moun- 
tain region,  was  euflSciently  thick  to  allow  the  underlying- 
masses  to  crystallize  as  true  abyssal  rocks.  In  a  few  places  thi»> 
overlying  rock  was  cracked  and  the  ^yenitic  magma  entered  the- 
break  and  cooled  as  a  rock  similar  in  structure  to  the  blue- 
granite  (pulaskite)  of  Fourche  Mountain. 

Shortly  after  this  the  pegmatitic  dikes  were  formed  and 
then,  after  the  region  had  cooled  considerably,  the  porphyritio 

II  Geologies];  Vol.  ii.,  M90. 
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^ikes  of  syenitio   rock  were  tntraded  into  cracks  in   the  mtia 
syenite  masses. 

The  monohiquite  dikes  were  probably  intruded  later  than 
the  syentitio  dikes  for  at  Lett's  mine  (the  only  place  where  the 
two  varieties  of  rock  are  found  in  contact),  the  monohiquite 
^ike  cuts  through  the  greenish  syenitic  dike. 

In  some  cases  coarse-grained  veins  have  been  observed  in 
the  syenite  which  have  been  considered  as  due  to  a  segregation 
of  the  syenitic  material  from  the  wall  rock  and  to  a  deposition 
of  this  in  the  crack  in  which  it  i*'  found.  In  these  cases  the 
vein  is  ofi;en  not  completely  fillea  to  the  center  and  the  crystals 
of  which  it  is  composed  bhow  free  ends  extending  into  the 
oentraly  open  space.  Small  deposits  of  metallic  ores  are  quite 
common  in  these  veins  and  have  led  many  people  to  spend  much 
time  and  money  in  searching  for  paying  '^mineral"  in  them. 

It  may  be  stated  that  these  segregation  veins  although  they 
contain  small  quantities  of  metallic  sulphides,  etc.,  need  not  be 
looked  to  as  sources  of  mineral  wealth  for  they  do  not  contain 
ore  in  paying  quantities.  This  statement  may  also  be  made  in 
Tegard  to  the  monchiquite  dikes  which  have  likewise  been 
prospected  in  many  places.  The  largest  of  these  openings  and 
that  where  the  most  money  was  spent  is  the  Lett's  mine,  already 
mentioned   (pp.  147  and  157). 

The  syenitic  rooks  are  older  than  the  Tertiary  deposits 
with  which  they  come  in  contact,  but  iu  this  area  as  in  the 
Pourche  Mountain  region  it  is  evident  that  a  close  connection 
^exists  between  the  igneous  rocks  and  the  deposits  of  bauxite  in 
the  neighborhood.  In  the  Saline  county  region  the  bauxite  is 
overlaid  by  a  yellow  compact  sandstone  of  Tertiary  age. 


CHAPTER  VI. 
Oeoqsaphic  DfiscRiPTiox  OF  Magnet  Cove  and  General 

DlSTBIBUTIOil    OF  THE  IgNEOUS  BoCKB. 


I.  General  Oeographio  and  Topographic  Features. 

II.  Distribution  of  Timber  and  its  Belatlon  to  the  Underlying  Books. 
IIL    Declination  of  the  Magnetic  Needle  in  and  about  Magnet  Gove. 
IV.    Distribution  of  the  Igneous  Rocks. 


I.      QEJHERAL  geographic   AND  TOPOGRAPHIC  FEATURES. 

Magnet  Cove  iti,  without  doubt,  the  most  interesting  of  all 
of  the  regions  in  which  igneous  rocks  occur  in  Arkansas.  It 
^as  long  been  known  to  mineralogists  as  a  locality  for  many 
rare  and  beautiful  as  well  as  useful  minerals  and  there  is  hardly 
a  cabinet  of  minerals  in  the  world  that  does  not  contain  numerous 
epeoimeos  from  this  renowned  district.  It  is  hoped  that  it  will 
be  possible  to  show  in  this  report  that  that  small  area  is  of  great 
interest  not  only  to  the  mineralogist,  but  to  the  petrographer 
both  on  account  of  the  number  of  varieties  of  rock  found  there 
and  of  the  many  instances  in  which  the  association  of  the  rocks 
is  SQoh  that  an  insight  into  their  genetic  relations  may  be 
obtained. 

The  name  "  Magnet  Cove''  of  itself  attracts  attention  to  the 
lo^lity  and  indicates  that  something  out  qf  the  common  order 
is  to  be  expected.  In  the  earliest  records  the  locality  was 
designated   simply    as   "Cove*'*  or  as  "Cove  of  Wachitta.^f 

*  Henrj  B.  ScUoolontfi,  "  View  of  the  Lead  Mines  of  Mlsw>arl»  etc,"  p.  192.    (For  fall 
title  tee  p.  ()). 

t  U  BriDgier  (E.  Corneliat).  In  Am.  Jour.  Sd.,  Serlei  1,  Vol,  m.,  1821,  p.  26. 
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Featherstonhaoghi  *  however,  makes  meDtioD  of  it  in  1835  in 
the  following  words  :  ''  But  what  will  always  give  celebrity  to 
this  remarkable  locality,  noto  called  Magnet  Cbt^  is  the  magoetia 
iron  which  abounds  there/'  It  is  evident,  therefore,  that  the 
name  was  given  between  1819  and  1835. 

The  Cove  proper  is  two  miles  north  of  the  Ouachita  River 
and  twelve  miles  east  of  the  city  of  Hot  Springs.  It  is  aboat  a 
mile  and  a  half  north  of  the  wood  station,  Cove  Crdek,t  on  the 
Hot  Springs  Railroad. 

It  is  evident  that  the  name  "Cove''  was  suggested  by  the^ 
almost  perfectly  elliptic  shape  of  the  basin,  formed  by  the  ear- 
rounding  hills.  It  has  long  been  popularly  supposed  that  this 
basin  represents  the  crater  of  an  extinct  volcano  and  indeed  this 
is  the  first  suggestion  which  presents  itself  when  the  Cove  is 
seen  from  the  top  of  one  of  the  adjacent  ridge?.  The  liills 
themselves  form  an  almost  continuous  ridge  about  the  Cove  and 
include  within  their  boundaries  about  a  thousand  acres  of  exceed- 
ingly fertile  land.  The  exact  limits  of  the  Cove  are  somewhat 
differently  defined  by  different  people,  but  the  most  natural 
boundaries  appear  to  be  the  following :  (See  Map  IV.)  On  the 
north,  the  main  sandstone  ridge  on  whose  southern  slope  the 
eleolite  syenite  is  developed;  on  the  east  ''Cove  Mountaio,'^ 
which  consists  of  a  metamorphosed  sandstone  ridge  flanked  on 
both  sides  by  igneous  rocks ;  on  the  sooth,  a  continuation  of  the 
same  elevation  which  is  there  known  as  ''  The  Ridge,"  but 
which  has  the  same  characteristics  as  in  the  preceding  case. 
This  ridge  extends  west  as  far  .as  Cove  Creek  at  which  point  the 
stream  has  cut  a  deep  gorge  through  it.  On  the  west  aide  of 
the  creek  the  boundary  of  the  Cove  is  formed  by  a  ridge,  cor-^ 
responding  to  the  one  on  the  south  in  general  form,  but  not  in 
geologic  character,  for  while  the  southern  boundary  consists  of  a 
metamorphosed  sedimentary  rock  included  between  two  masses 
of  igneous  rock,  the  western  one  is  itself  igneous  and  is  bounded 

on  both  sides  by  the  Paleozoic  shales  and  sandstones.     As  this 

■  ^    '     ■  ■       ■ 

*G.  W.  FMthentontaavgb,  Qoolog.  Bept,  of  Exam,  of  Eleratod  Ooantry  betwMo 
Hiflonri  and  Se^  BtTers,  p.  69.    (For  fall  title  aea  p.  10). 

t  Tbla  has  reoantly  been  made  a  post-office  under  the  name  of  Leoroy,  but  the  station 
retaini  iti  original  name. 
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ridge  ezteods  farther  to  the  north  it  benda  arouod  toward  the 
•east  aad  finally  becomes  the  ridge  already  mentioned  as  forming  the 
northern  boundary  of  the  Cove. 

This  northern  boundary  is  cqt  off  by  a  narrow  valley  from 
a  sandstone  ridge  lying  north  of  and  parallel  to  it ;  this  in  turn 
is  separated  by  a  second  parallel  valley  from  the  high  novaoulite 
ridges  which  approach  it  from  the  north. 

At  the  northeastern  corner  of  the  Cove,  Cove  Creek  cuts 
through  the  ridge  and  forms  the  separating  line  between  the 
northern  mountain  and  Cove  Mountain.  The  latter  rises  quite 
abruptly  two  hundred  feet  (62  meters)  above  the  bed  of  the 
stream  (649  feet  or  166  meters  above  sea  level),  but  the  former 
slopes  up  very  gradually  and  the  continuation  of  the  high  ridge 
is  indicated  by  a  small  sandstone  hill  70  feet  (21  meters)  above  the 
iveek— described  later.  It  is  at  this  point  that  opinions  differ 
regarding  what  should  be  considered  as  constituting  the  Cove, 
for  many  consider  that  it  continues  up  Cove  Creek  a  mile  or 
more  and  forms  a  long,  narrow  prolongation  to  the  northeast. 
Some  even  include  Cove  Mountain  within  the  Cove  and  bound  it 
on  the  east  by  the  sandstone  and  novacnlite  ridge  which  lies  east 
of  Chamberlain  Creek.  In  this  case  the  connection  between  the 
•eastern  and  southern  boundaries  would  be  made  at  a  point  where 
the  Hot  Springs  and  Malvern  highway  crosses  '*  The  Ridge.  ^' 

The  interior  of  the  Cove  is  drained  by  Cove  Creek  and  a 
small  feeder  which  comes  in  from  the  east  and  is  known  as  the 
^  The  Branch. ''  Several  small  streams  flow  into  Cove  Creek  from 
the  north  but  they  are  unimportant  and  have  no  names.  After 
heavy  rains  the  streams  of  this  region  become  very  high  and  are 
quite  impassable  since  there  are  no  bridges  whatever  in  the  neigh- 
borhood.* 

The  level  bottom  of  the  Cove  is  broken  only  by  one  eleva- 
tioui  a  tufa  hill  about  60  feet  (16  meters)  in  height.  It  is  situated 
almo^t  in  the  center  of  tiie  Cove  and  was  probably  at  one  time 
oonn«^cted  with  a  deposit  tif  similar  material  which  lies  west  of  it 

*  This  litcrtattt  the  dlAcudf  of  stadjing  th«  rocks  of  this  region  at  certain  seasons  of 
<he  year,  for  the  feot^logs  which  an  usually  placed  near  the  lords  are  not  sufficiently  elerated 
te  be  aboTe  high  water  mark  and  are  often  carried  away. 
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and  on  the  opposite  side  of  Cove  Creek.    These  two  tafa  masses 
are  the  resalt  of  hot  spring  action. 

Outside  of  the  Cove  there  are  several  streams  which  deserve 
special  mention  as  they  have  played  an  important  part  in  the 
sculptnre  of  the  ooantry.  About  two  miles  west  of  Magnet 
Cove  lies  Teager  Creek.^  This  forms  the  extreme  western 
boundary  of  the  map  and  follows  a  nearly  due  sonth  course.  It 
has  cut  its  way  through  the  sandstone  hills  and  ridges  and 
forms  the  drainage  outlet  for  the  western  slope  of  the  western 
boundary  of  the  Cove. 

Stone  Quarry  Creek,  or  Stony  Creek  as  it  is  also  called,  liea 
southeast  of  Magnet  Cove  and  flows  in  general  in  a  southwesterly 
direction.     It  follows,  however,  a  very  serpentine  course,  due  in 
great  measure  to  the  different  degrees  of  hardness  of  the  rocka 
through  which  it  has  cut  its  way.    The  gorge  which  this  stream 
has  cut  out  is  in  many  places  very  steep  and  the  banks  are  very 
precipitous;  at  one  point  the  bank  is  over  160  feet  (46  meters) 
high  and  stands  nearly  vertical.    The  creek  receives  its  name- 
from  the  fact  that  years  ago  a  number  of  millstones  were  quarried 
from  the  eleolite  syenite  which  occurs  near  the  base  of  the  above 
mentioned  cliff.    At  its  headwaters  this  stream  forms  a  wide,  flat 
valley  which  is  so  filled  with  loose  material  that  no  rock  can  be 
found  in  place.    Rowan's  Branch,  a  small  stream,  enters  this 
creek  from  the  east  and  forms  the  dividing  line  between  the 
syenite  and  a  novaculite  area  on  the  southeast. 

Flowing  in  the  opposite  direction,  but  at  one  point  ap- 
proaching quite  close  to  Stone  Quarry  Creek,  is  Chamberlain 
Creek.  This  forms  almost  a  letter  Y  and  flows  first  southwest,, 
then  west  for  a  short  distance  and  finally  north  and  empties  inta 
Cove  Creek  just  east  of  Cove  Mountain.  A.t  the  point  where  the 
creek  changes  its  direction  from  southwest  to  north  it  has  cut  for 
itself  a  deep  gorge  and  flows  around  a  point  of  igneous  rock 
which  stands  140  feet  (43  meters)  nearly  vertically  above  the 
stream.  To  the  east  of  this  point  it  flows  between  two  sandstone 
ridges  which  are  capped  with  novacolite.f 

•  This  ia  apelled  aiuo  Tigvr,  TIga,  Teag»  and  Panther.  It  ia  pxonoanoed  Ttif  ar  and  i» 
properly  apelled  aa  In  the  text. 

t  The  nOTaonlite  ridgea  whloh  ^[>pear  upon  the  Hagnet  Cot*  map  wtie  located  by  lfr« 
L.  a  Gziawold  of  the  Snrrcj. 
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Id  oonsideriDg  the  distribation  of  the  igneous  rook  of  the 
Cove  in  detail  many  minor  points  in  regard  to  the  topography 
and  drainage  will  be  brought  out  which  have  not  seemed  worthy 
of  mention  in  this  general  description. 

n.      DISTBIBUnON  OF  TIMBER  AND  ITS .  RELATION  TO  THE 
UNDERLYING  ROCK  FORMATIONS. 

The  sudden  change  of  character  in  the  arboration  of  the 
hills  about  Magnet  Cove  observed  in  passing  from  the  sedi- 
mentary to  the  igneous  rocks  was  first  commented  upon  by 
Featherstonhaugh  (loc.  cit.,  p.  62)  in  the  following  words:  **  At 
thirty-five  miles  from  Little  Rock  the  country  is  covered  with 
ferruginous  conglomerate  of  the  old  red  sandstone.  Wherever 
this  latter  rook  is  found^  the  pine  (Pinus  Australis^  Mich.)  pre-^ 
vails,  as  is  usually  the  case  in  siliceous  countries ;  but,  about 
forty-eight  miles  from  Little  Bock  I  observed  an  approaching 
change  in  the  timber,  the  pine  having  entirely  disappeared,  and 
being  replaced  by  deciduous  trees. '' 

Lesquereux  in  the  botanic  and  paleontologic  portion  of 
Owen's  report  on  the  geology  of  Arkansas^  does  not  agree  with 
Featherstonhaugh  and  the  writer,  for  on  page  842  he  remarks  r 
*'  From  the  Hot  Springs  to  the  southwest  of  the  county  toward 
Magnet  Cove,  the  nature  of  the  rocks  is  changed  to  a  granitic- 
formation,  but  the  vegetation  preserves  the  same  character  as  it 
had  on  the  quartz,  or  on  the  metamorphic  sandstone.  The 
banks  of  the  creek  which  traverses  Magnet  Cove,  have  the 
Hornbeam  and  the  Iron  wood  with  a  few  Oaks  and  trees  of  the 
Bottonwood ;  where  they  become  flat  and  marshy  they  are  over- 
grown by  the  Water  and  Willow  Oaks. '' 

A  change  similar  to  that  which  occurs  in  Magnet  Cove  may 
also  be  observed  in  the  other  syenite  areas,  but  it  is  not  quite  so 
evident  in  them  because  the  igneous  rocks  are  for  the  most  part, 
surrounded  by  low-lying  Tertiary  or  Pleistocene  deposits  while, 
in  the  case  of  Magnet  Cove,  the  high  sandstone  hills  surround 
and  overtop  the  igneous  ridges.     The  difference  in  the  arboration 

*  Second  Report  of  •  Geological  Beoonnolaance,  etc.,  by  D.  D.  Owen.    Botany  anA 
Twhtontaiogj  by  Leo  Leaqaereox. 
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can  be  most  plainly  seen  in  winter  after  the  deoidooas  trees  have 
lost  their  leaves  and  when  the  pines  form  a  dark  green  back- 
:ground  to  the  masses  of  gray,  leafless  trees  in  the  foreground. 

The  writer  is  much  indebted  to  Mr.  John  F.  Moore  of 
Magnet  Cove  for  the  information  embodied  in  the  following 
table.  Mr.  Moore,  having  lived  all  his  life  in  Magnet  Cove  and 
having  had  such  matters  brought  constantly  to  his  attention, 
was  able  to  give  a  list  not  only  of  those  trees  which  are  now  to 
he  found  in  and  about  the  Cove,  but  also  to  state  the  original 
•distribution  of  some  varieties  which  have  now  nearly  or  entirely 
•disappeared. 

It  is  evident  from  the  table  that  the  Cove  bottom,  which  was 
•once  flat  and  marshy  although  it  is  now  much  better  drained, 
contains  such  trees  as  are  common  along  the  river  bottoms  in 
many  parts  of  the  state. 

The  Igneous  Border  of  the  Cove,  by  which  is  meant  the 
interior  slopes  which  are  covered  with  syenitic  rock,  supports 
mobtly  hard-wood  growths,  while  the  surrounding  sandstone 
hills  produce  pine  and  some  forms  of  oak  which  do  not  thrive 
on  the  syenite. 

A  list  has  been  prepared  which  shows  at  a  glance  in  which 
of  the  three  divisions,  mentioned  above,  every  tree  occurs.  An 
attempt  has  also  been  made  to  indicate  whether  or  not  a  tree  is 
abundant  in  the  region  where  it  is  noted  by  making  use  of  two 
symbols  to  denote  its  presence,  thus  : — 
C  denotes  Common. 
8  denotes  Scarce. 

The  trees  have  been  grouped  according  to  their  family 
names,  and  these  have  been  arranged  principally  according  to 
Oray's  Manual.^  The  botanic  names  correspond  with  those  used 
in  the  plant  list  published  in  Vol.  IV.  of  the  Report  of  the 
Geological  Survey  of  Arkansas  for  1888. 

•  MaoQAl  of  th«  Botany  of  the  Northern  United  States,  by  Aaa  Gray;  ReTiaed  edition 
for  18B0,  New  York  (American  Book  Company),  1890. 
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III.      DECLINATION  OF  THE  MAGNETIC  NEEDLE  IN   AND   ABOUT 

MAGNET  COVE. 

The  fir8t  lines  surveyed  by  compass  ia  that  portion  of 
the  state  about  Magnet  Cove  were  run  by  Joseph  McG.aire  in 
1819^,  He  surveyed  the  east  line  of  township  3  8.,  17  W., 
but  made  no  mention  of  magnetic  variation  and  it  is  probable^ 
that  at  that  distance  (about  3  miles)  from  Magnet  Cove  the 
attraction  of  the  lodestone  bed  was  not  perceptible. 

In  1822  R.  Richardson  surveyed  the  south  line  of  the- 
same  township  for  state  surveyor  Conwayf.  In  order  to  rua 
the  line  Richardson  started  at  its  western  extremity  and  ran 
a  random  line  to  the  east.  On  arriving  at  the  eastern  end  of 
the  line  he  found  that  he  was  10  chains  (201m)  north  of  the- 
southeast  corner  of  the  township.    Concerning  this  discrep- 

<■  See  field  notea  in  the  State  Land  OAce,  Little  Rick  (bundle  102;  book  8). 

t  See  field  notet  in  the  State  Land  Office,  Little  Bock  (bundle  104;  book  146;  p.  2S). 
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EDcy  be  makes  the  following  note :  *'  1  find  by  this  close  a. 
considerable  convergency  in  the  range  line  between  Ranges. 

17  and  18,  T.  4  S.,  to  the  adjacent  meridian^  cansed  by  the 
attraction  of  a  large  body  of  loadston  lying  near  the  Onacbita. 
river  (N.  E.  of  the  corner  last  established  on  the  rang  line 
above  mentioned),  which  i  find  I  have  fllen  within  the  sphere 
of  its  attraction. " 

In  regard  to  the  east  line  of  the  next  township  west  (3. 
8.^  18  W.)  Richardson  writes  (1.  c,  p.  81) :  ^'  The  range  line  be- 
tween Ranges  17  and  18  W.,  T.  3  S.,  cannot  be  run  with  an]r 
degree  of  accuracy  in  consequence  of  the  attraction  of  the 
loadston,  as  it  passes  very  near  the  body  and  consequently  I. 
find  the  attraction  much  greater. " 

The  east  line  of  township  8  8.,  18  W.  was  not  surveyed 
until  1837  when  it  was  run  by  John  C.  Hale  (see  below). 

In  running  the  line  along  the  east  side  of  sec.  1,  4  8.,  1& 
W.,  Richardson  writes  (1.  c,  p.  18)  :  '^  I  find  an  attraction  or 
the  neadle  by  a  body  of  loadstone  near  the  Ouachita  river^ 
N.  E.  of  this  place,  which  has  caused  the  north  part  of  thia 
line  to  be  incorrect. '' 

In  the  year  1885  Featherstonhaugh  wrote  the  following 
sentence^  regarding  the  magnetic  iron  ore  of  Magnet  Cove: 
''Some  of  the  specimens  I  obtained,  possess  a  surprising^ 
magnetic  power ;  and  such  is  the  influence  of  the  mass  ia 
place,  that  Colonel  Conway,  the  surveyor  general,  informed 
me  he  had  been  unable  to  survey  the  country,  as  the  needle* 
will  not  traverse  on  approaching  this  locality.  ^' 

On  July  30,  1837,  John  C.  Hale  surveyed  and  sectionized 
township  3  8.,  17  W.,  and  ran  the  east  line  of  township  3  8.,, 

18  W.f  Hale  states  that  the  township  line  runs  through  a 
very  strongly  aftected  region  and  that  like  m^ny  of  the  sec^ 
tion  lines  it  could  only  be  run  by  back-  and  fore-sights. 

From  the  personal  observations  of  the  writer  and  from 
readings  taken  by  Mr.  W.  J.  Hutcberson,  the  topographer 

*  Geulpglcal  Baport  of  the  Elevated  Country  between  the  Miasouri  and  Red  rUera  (too 
dt,  p.  et). 

t  See  field  aotea  In  the  SUte  Land  Office,  LItile  Bock  (baodl?  t28 ;  booka  8M,  888,  891. 
and  888). 
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who  made  the  contour  map  of  Magnet  Cove  included  in  this 
volume  (see  below),  it  has  been  found  that  on  the  bed  of 
magnetic  iron  ore  the  compass  is  of  no  use  whatever.  An 
engineer's  transit,  with  a  short  needle,  was  set  up  on  the  top 
of  the  hill  (N.  E.  corner  of  N.  W.  i  of  8.  W.  i  of  section  20, 
3  S.y  17  W.),  and  a  stake  about  two  hundred  yards  (183m) 
west  was  taken  as  a  point  at  which  to  sight.  The  bearing 
was  taken  and  the  transit  was  moved  ten  feet  (Sm)  further 
east  and  the  bearing  taken  again.  A  difference  of  13^  80'  in 
the  bearing  of  the  stake  was  observed.  The  transit  was  then 
placed  15  feet  (4.5m)  south  of  the  original  point  and  a  differ- 
ence of  15°  was  found  to  exist  between  the  bearings  of  the 
stake  taken  from  that  point  and  the  original  station.  This 
«hows  conclusively  that  no  reliance  can  be  placed  upon 
-compass  readings  on  or  near  the  lodestone  region. 

The  normal  amount  of  the  magnetic  declination  as  de- 
termined by  the  position  of  Magnet  Cove  with  reference  to 
the  general  isogonic  lines  of  the  state  would  be  about  8^^ 
eastf  in  1890.  It  will  be  seen,  however,  by  an  inspection  of 
the  isogonic  chart  (Plate  18)  that,  about  half  a  mile  east  of 
the  magnet  ore  bed  the  declination  becomes  zero  and  the 
needle  points  due  north,  while  at  a  somewhat  greater 
-distance  west  of  the  same  point  the  normal  declination  is 
nearly  doubled.  It  is  evident,  therefore,  that  the  effect  of 
the  magnetic  force  centered  in  this  ore  bed  amounts  to  about 
^  and  that  this  extends  to  a  distance  of  about  a  mile  west 
«nd  half  a  mile  east  of  the  disturbing  area. 

On  the  western  side  of  Magnet  Cove  an  area  of  still 
.greater  magnetic  declination  occurs.  Here  the  variation  is 
due  to  quantities  of  fine  magnetite  sand  which,  although 
>apparently  entirely  superficial,  exerts  a  great  influence  upon 
the  needle.    Its  maximum  effect  is  at  a  point  about  half  a 

«  See  Report  of  tbo  Bapt.  of  the  U.  S.  CoMt  And  Oeodetio  turr^j  for  1888.    WMblng- 

ton,  1880,  Appendix  No.  11»  1888.    "The  dlatrlbuUoo  of  the  magnetio  deolinaiion  in  the  United 

Bta'ee  for  the  epoch  1890."  By  Charlci  A.  Schott,  p.  246.  See  alao  the  obeerratlODB  on  magnetio 

>declina  loo  made  by  the  Ueolt^lcal  Sarrey  of  Arkaosaa  and  recorded  In  the  aonnal  report  for 

1891. 

t  Weaterlydeeli nation  it  oohiidered  poettiTO  and  ia  marked  (+)« while  eaeterly  decli- 
nation !•  oousidered  negaUve  and  i<  marked  (— )• 
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mile  west  of  the  school- honse  on  the  hill  (center  of  section 
24,  3  8.,  18  W.^  near  the  north  line)  and  amounts  to  about 
44^.     The  isogonic  lines  here  come  so  near  together  and  are^ 
so  uncertain  in  their  positions  that  but  little  reliance  can  be. 
placed  upon  them. 

There  is  another  strongly  disturbed  region  at  the  north-, 
east  corner  of  the  area  included  in  the  chart.  In  this  case 
the  cause  of  the  disturbance  is  a  mass  of  lodestone  quita^ 
simiUr  in  character  to  that  in  the  center  of  the  Cove.  This 
deposit  is  much  smaller  than  the  **  lodestone  bed  "  and  less. 
of  the  ore  appears  on  the  surface.  It  is  evident,  however, 
that  it  is  present  in  sufficient  quantities  to  have  a  strong 
influence  upon  the  bearing  of  the  magnetic  needle. 

Ou  the  isogenic  chart  each  green  line  passes  through  all  the 
points,  so  far  as  it  is  possible  to  determine  them  from  the  data 
at  hand,  at  which  the  needle  is  deflected  a  given  number  of  de- 
grees east  or  west  of  the  meridian.  These  lines  are  so  drawn, 
that  each  degree  from  plus  four  to  minus  forty-four  is  represented 
by  a  line.  In  compiling  this  map  ninety-three  determinations. 
of  the  magnetic  declination  were  made.  ^ 

ly.       DISTRIBUTION   OF   IGNEOUS   BOCKS. 

The  description  of  the  distribution  of  the  rocks  of  the  Cove 
begins  with  the  rocks  found  at  the  point  where  Cove  Creek  cuta 

^Of  thcM  16  w«r6  determiood  bf  W.  J.  Hutchersoo,  who  mad«  the  Mogoet  Cove  map 
(mftp  IV.)-  Ha  csUbllBhed  a  meridian  near  the  center  of  the  Cove  and  located  the  principal 
points  on  the  map  by  means  of  traverse  lines,  and  occasionally  determined  the  magnetic  de- 
dfnatloD  by  taking  the  bearings  of  some  of  the  trignometrically  located  Hoes.  This  system  of 
surveying  was  unfortanately  only  carried  as  far  west  as  the  school-house  on  the  hill,  and  bcnee 
It  is  probable  that  the  accuracy  of  that  portion  of  the  map  west  of  the  Bchool-house«  embracing 
the  most  disturbed  area  about  the  Cove,  sufTered  from  the  error  made  in  considering  the 
greatest  Tariation  to  be  ceotered  at  the  "ore  bed"  in  the  Cove.  The  numerous  other  lines  used 
in  locating  the  hills,  streams  and  other  such  geographic  features  were  run  by  compass,  and  the 
lines  were  carefully  "tied  up"  to  thoae  already  trigooometrlcally  established.  Even  the  lines 
west  of  the  school-house  were  tied  up  in  this  way  so  that  the  error  cannot  be  very  great  and 
must  have  compensated  iiself.  It  is  probable  that  the  broken  line  between  sections  18  and  24 
which  are  in  reality  separated  by  a  straight  line  is  due  to  the  fact  that  the  line  was  run  solely 
with  the  compass. 

The  77  01  her  determinations  were  made  by  the  writer  from  observations  taken  on 
Polaris.  These  were  made  with  a  short-needle  transit  and  were  extended  over  a  space  of 
seTerai  hours  each  night  nntil  they  were  completed.  The  time  of  each  observation  was  care- 
fully noted  and  the  approximate  elongation  of  Polaris  for  that  time  was  calculated  and  the 
eorreetlon  appUttd.  Hm error  from  these  ealcalatioas  falls  inaide  of  that  arising  from  the  ahori- 
aesB  of  theaeadto  and  the  dtfBoulty  of  nadieg  It  at  night. 
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through  the  ridge  at  its  soathwestem  mrmut  and,  following  the 

xsreek  to  the  north,  mentions  the  occurrence  of  the  Tmiioas  rooks 

•in  their  order.     No  attempt  can  here  be  made  to  describe  the 

rocks  themselves  bnt  such  a  description  will  follow  in  the  next 

^chapter. 

On  going  up  Cove  Creek  from  the  railway  bridge  the  stream 

IS  seen  to  flow  over  a  dark  shale.    A  short  distance  above  the 

mill-pond  a  small  gnlly  comes  down  the  hill  on  the  east,  and  in 

it  occurs  the  first  outcrop  of  syenite.  (Chapter  XIII.,  dike  133). 

TThis   is  an  eleolite   syenite  dike  and  forms  a  comparatively 

narrow  band  which  extends  east  and  west  and  can  be  traced  by 

means  of  scattered  boulders  as  far  as  the  road  which  crosses  the 

hill  to  the  east.     On  the  top  of  the  small  hill  which  lies  between 

this  gully  and  the  next  a  good  many  boulders  of  leucite  syenite 

<like  rock  (Chapter  YII.  n.  C.  1)  appear.    This  leucite  material 

is  bordered  on  its  western  side  by  the  shales,  which,  on  the 

'bank  of  Cove  Creek,  form  an  almost  vertical  bluff  about  two 

4iundred  feet  in  height.    In  the  face  of  this  bluff  several  dikes 

H)f  monchiquite  and  allied  rocks  appear.    (Chapter  XIII;,  dikes 

127  to  132).     These  run  in  various  directions,  some  vertical  and 

H)thers  nearly  horizontal.     The  fourchite  and  ouachitite,  both  of 

which  occur  in  the  cliff,  are  probably  of  approximitely  the  same 

tige,  but  the  syenite  which  forms  a  dike  cutting  the  fourchite  is 

evidently  the  youngest  of  the  three. 

In  the  gully  north  of  this  bluff  about  400  feet  (125m)  from 
its  mouth  the  igneous  rock  appears  in  the  form  of  a  green  and 
black  porphyry  which  varies  somewhat  in  density  and  structure. 
On  going  up  this  ravine  toward  the  east  these  black  and  green 
rocks  follow  each  other  in  quick  succession.  In  some  cases  they 
may  be  traced  up  the  sides  ot  the  gulch  for  some  distance,  while 
in  others  they  are  covered  by  a  talus  of  the  rock  which  forms 
the  ridge  above  them. 

The  green  rocks  are  the  most  typical  examples  of  leucite 
tingu^ites  (Chapter  YII.  n.  C.  2)  to  be  found  about  the  Cove ; 
there  is  no  one  place  where  so  many  varieties  of  rock  can  be 
found  as   in  this  ^ully    (See  plate  14).  ^      One  oF  the   most 

*Th6  pUtfl  represents  tbit  Kully  on  a  ao  le  larger  thiin  thttoC  map  IV.,  and  the  dia- 
'tribution  of  the  rock  ia  suown  by  the  Tarlous  aigns  des  rit)ed  in  tbe  iegead.    In  thin  way  the 
inteimi&tare*  of  the  Tariout  rocka  can  be  more  aaiiafaotorlly  represented  than  bj  the  uae  of 
"diftoreut  colon. 
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iremarkable  facts  that  has  been  observed  in  the  region  is  the 
intimate  connection  shown  between  the  fourchite  and  the  tin- 
•guaite.  At  one  point  fragments  or  nodules  of  fourchite  are 
found  imbedded  in  tinguiite.  It  at  first  occurred  to  the  writer 
that  these  were  true  inclusions  brought  up  from  below  by  the 
younger  tinguaite,  but  on  reading  Bosenbusoh's  paper  on  mon- 
■chiquite  the  possibility  of  their  being  caused  by  differentiations 
in  the  crystallization  of  the  tinguaitic  magma  presented  itself. 
Rosenbusch  states  (Ueber  MonchiquitCi  etc.,  p.  465)  that  if 
mixed  dikes  of  monchiquite  material  are  ever  found  tinguiite  or 
«girite  granite  must  appear.  * 

It  may  be  that  such  a  case  is  found  in  the  specimen  just 
described^  but  it  seems  more  likely  that  it  has  been  detached  and 
brought  up  as  an  inclusion  from  below.  In  either  case  this 
direct  association  of  the  two  rocks  is  very  interesting. 

Besides  these  black  and  green  varieties  of  tiuguiite^ 
there  is  also  a  pink  rock  containing  large  pyrite  crystals 
^hich  often  exceed  half  an  inch  (13mm)  in  diameter.  It  is 
probable  that  this  is  a  bed  of  sedimentary  rock  which  has 
been  very  much  metamorphosed  by  the  intrusion  of  the 
neighboring  igneous  rocks.  East  of  this  and  further  up  the 
ravine  appears  another  form  of  black  leucite  tinguaite  in 
which  the  large  pseudoleucite  crystals  are  only  indicated  by 
grayish,  octagonal  and  hexagonal  sections  and  do  not  ap- 
pear sharp  and  well  defined.  Directly  above  these  and  ex- 
tending up  the  south  bank  for  some  distance  is  a  bed  of 
green  leucite  tinguaite  and  above  that,  still  higher  up  the 
hillside  quantities  of  leucite  and  eleolite  syenite  dike  rock 
occur,  but  it  is  a  question  which  of  the  two  is  in  place. 
The  indications  are  that  the  orest  of  the  hill  is  occupied  by 
the  leucitic  rock,  while  further  to  the  west  the  eleolitic  rock 
is  the  main  rock  of  the  hill.  Between  these  two  there  ap- 
pears to  be  a  band  of  shale,  but  only  loose  pieces  of  it  could 
be  found.  Returning  again  to  the  bed  of  the  brook  in  the 
gully,  the  next  rock  east  of  the  black  tinguaite  is  a  green 

*"  WOxdeo  jemalsgeml^obteOftoge  gefundcn  werden,  in  deDen  MunchiqaiimaterUl 
«tirtfito,  M  wQrda   daoeben  Tloga&U   oder    Aeglrlngnuiit  (QuarUtinfaiit)    ▼orkommea 
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tingu^ite  6  feet  (15m)  wide«  containiDg  extremely  small 
pBeudoleacite  crystalB.  Tbis^  like  much  of  the  rest  of  thia 
rock,  shows  a  decided  beddiog  like  a  sedimentary  rock.  It 
changes  to  the  black  variety  without  showing  any  distinct 
line  of  parting,  and  it  is  evident  from  both  macroscopic  and 
microscopic  examinations  of  the  two  rocks  that  they  are 
genetically  identical.  About  a  thousand  feet  (800  meters) 
from  its  mouth  the  shale  crosses  the  gully  in  a  northwest  and 
southeast  direction  at  two  points  about  100  feet  (80m)  apart. 
It  dips  to  the  southwest  at  an  angle  of  about  30^.  On 
both  sides  of  the  gulch  it  is  covered  by  loose  boulders  of 
syenite  and  tinguiite.  The  latter  appears  as  a  dike  between 
the  two  bands  of  sbale  and  may  be  traced  onto  the  hills  both 
north  and  south.  Still  further  to  the  east  a  leucite  syenite 
dike  occurs  in  the  bed  of  the  stream  and  likewise  on  both 
hills.  It  is  probably  a  continuation  of  the  mass  which 
crosses  the  road  in  front  of  the  house  of  B.  F.  Orr  No.  1^ 
(northeast  quarter  of  section  30.)  Oo  the  high  pjirt  of  the  hill 
south  of  the  gully  beside  the  varieties  of  rock  just  described 
a  small  area  of  about  100  square  feet  (10  square  meters), 
covered  with  loose  boulders  of  fourchite  (monchiquite)  ap- 
pears (Chapter  XIII.,  dike  186). 

Returning  again  to  the  gully  at  the  point  where  the 
leucite  syenite  dike  rock  was  first  found  on  passing  east  from 
its  mouth  it  is  seen  that  this  rock,  instead  of  running 
directly  up  the  hill  to  the  north  bears  off  to  the  west  and 
follows  the  contours  for  about  three  hundred  feet  (91m),  and 
then  turns  to  the  north  and  passes  over  the  ridge.  At  two 
points  along  the  line  of  contact  between  the  shale  and  the 
leucite  rock  loose  specimens  of  ouachitite  occur  (Chapter 
XIII.,  dikes  138  and  189)  which  fall  nearly  in  line  with  the 
dike  in  the  face  of  the  cliff  just  south  of  the  mouth  of  the 
gully.  Od  following  the  line  of  contact,  which  is  everywhere 
marked  by  the  loose  boulders  of  leucite  rock,  to  Cove  Creek, 
it  is  found  to  run  straight  down  to  the  water's  edge.  Here 
it  forms  a  dike  (Chapter  XIIL,  dike  140)  not  over  60  feet 
(16m)  wide  bounded  on  the  north  by  a  band  of  green  tin* 
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gniate.  Just  north  of  this  the  bank  coneiBts  principally  of 
sandstone  which  at  one  point  lies  over  the  igneous  rock, 
which  has  .been  forced  up  under  it  from  below,  while  at 
another  point  the  syenitic  rock  lies  on  top  of  the  sandstone. 
The  igneous  rock  has  here  been  forced  up  between  the  bed* 
ding  planes  of  the  sedimentary  rock  and  where  the  upper 
layer  of  the  latter  is  covered  up  or  has  been  cut  away  th& 
igneous  rock  appears  to  lie  upon  the  top  of  it  as  if  it  had 
flowed  out  over  it.  At  one  place  somewhat  further  up  the 
creek  (north)  the  leucitic  rock  presents  the  appearance  of 
having  formed  a  stream  of  molten  matter  showing  a  rapid 
cooling  along  the  sides  and  an  apparent  fluidal  structure  in 
the  centre,  t  his  is,  however,  probably  the  efiect  of  ex- 
foliation on  an  intruded  rock  and  not  due  to  a  lava-like  flow. 

In  the  next  gully  (the  one  running  to  the  north  of  the 
Neusch  house)  north  of  this  hill  (8.  W.  i  of  sec.  19)  a  recur- 
rence of  various  kinds  of  porphyritic  rock  similar  to  those  in 
the  preceding  gully  appears.  In  this  case,  however,  the 
rocks  are  eleolitic  in  their  character  while  in  the  preceding 
case  they  were  leucitic.  It  appears  that  this  gully  marks 
the  line  between  the  leucitic  and  eleolitic  rocks  at  this  point. 
On  the  north  side  of  it  all  the  rocks  are  dark  colored  and 
are  varieties  of  eleolite  syenite  and  eleolitetingu^ite  (Chapter 
VII.  II,  B.  4.)  while  on  the  south  side  they  are  lighter 
colored  and  consist  of  leucite  syenite  and  black  and  green 
leucite  tinguaite..  Metamorphosed  shale  also  occurs  in  this 
gully  near  its  upper  or  eastern  end. 

The  eleolite  syenite  dike  rock  (fine-grained,  grayish  va-^ 
riety),  which  occurs  on  the  hill  north  of  this  gully  extends 
only  to  nei&r  the  crest  of  the  hill  and  is  there  replaced  by  a 
black,  hornstone-like  rock,  whose  relations  to  the  other  rocks 
and  whose  origin  are  more  in  doubt  than  those  of  any  other 
rock  about  the  Cove.  It  is  called  hornstone  in  this  report 
because  this  is  a  name  which  is  somewhat  loose  in  its  appli- 
cation. Whether  further  investigation  proves  this  rock  to 
be  a  metamorphosed  shale  or  an  igneous  rock  it  is  a  simple 

12  Gcologicml;  Vol.  11.,  1890. 
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matter  to  ineert  the  proper  name  wherever  the  word  horn- 
atone  oocurs. 

In  a  small  depression  on  the  west  side  of  the  hill  wher» 
the  hornstone  appears,  a  black  porphyry  or  eleolite  tinguaite 
occurs  about  800  feet  (91m)  from  Cove  Creek,  and  covers 
several  hundred  square  feet.  This  rock  contains  compara- 
tively large,  idiomorphic,  white  feldspars  and  is  genetically 
connected  with  the  neighboring  eleolite  syenite  dike  rocks. 
A  dike  of  green  leucite  tinguaite  10  feet  (3m)  wide  extends 
along  the  northern  border  of  the  depression  or  gully  just 
mentioned,  crosses  Cove  Creek  and  may  be  traced  in  a  some- 
what serpentine  course  for  nearly  1,800  feet  (546m)  on  the 
west  side  of  the  stream.  The  train  of  boulders  by  which  its 
position  is  marked  seldom  exceeds  fifteen  feet  (4.5m)  in 
width  and,  although  becoming  here  and  there  very  indistinct, 
it  can  generally  be  traced  with  comparative  ease. 

Before  returning  to  the  east  side  of  Cove  Creek  it  is 
more  convenient  to  mention  the  other  rocks  which  form  the 
high  bank  opposite  the  gully  and  hill  just  described.  There 
is,  perhaps,  no  part  of  the  whole  Cove  region  which  is  more 
confusing  and  uncertain  than  this  especial  hill.  On  the  top 
and  for  a  certain  distance  down  the  north  and  east  sides  the 
leucite  syenite  dike  rock  is  exposed  in  large  masses.  Below 
this  on  the  northern  slope  a  band  of  green  leucite  tinguaite 
appears  and  still  further  down  eleolite  porphyry  (Chapter 
VII.  II.  B.  3.)  containing  pink  crystals  of  eleolite  is  found; 
fitill  nearer  the  bottom  of  the  hill  some  shale  occurs  which, 
although  in  loose  blocks,  is  evidently  not  far  from  in  place* 
Low  down  and  near  the  center  of  the  east  side  of  the  hilL 
black  and  green  leucite  tinguaite  ^nd  metamorphosed  shale 
are  exposed.  The  exact  relative  positions  of  these  rocks 
cannot  be  definitely  determined  but  they  are  probably  ap- 
proximately as  shown  on  the  map.  Still  further  south,  and 
eituated  in  a  slight  depression  in  the  side-hill,  there  occurs  a 
peculiar  variety  of  comparatively  coarse-grained  syenite 
which  is  everywhere  much  weathered  and  seems  to  have 
formed  a  miarolitic  eleolite  rock  (Chapter  VIE.  ii.  A.  3).     It 
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is  SO  mach  weathered  that  its  microscopic  characteristics 
i^annot  be  determiDed.  A  similar  rock  appears  on  the  north- 
east side  of  the  hill  jast  described  and  lies  between  it  and  a 
-small  rise  which  extends  down  to  Cove  Creek.  This  small 
hill  lying  north  of  the  one  last  mentioned  consists  principally 
•of  hornstone  which,  near  the  creek,  is  probably  a  syenite 
porphyry  or  tiogaaite.  Running  from  the  northwest  corner 
-of  this  hill  and  keeping  to  the  southwest  and  south  of  its 
<;rest  is  the  dike  of  green  leucite  tinguaite  which  has  already 
•  been  described.  (See  p.  178).  This  cuts  through  the  horn- 
stone  and  strengthens  the  supposition  that  the  latter  is  for 
the  nu>st  part  a  metamorphosed  shale  rather  than  an  igneous 
rock.  Opposite  this  hill  several  dikes  of  igneous  rocks  and 
also  several  beds  of  metamorphosed  shale  occur  in  the  creek. 
The  former  are  generally  light  colored,  fine-grained  dike 
forms  of  eleolite  syenite  while  the  latter  are  dense,  compact, 
dark  colored  rocks,  with  a  few  indistinct  crystals  dissemi- 
nated through  them. 

On  the  bill  situated  opposite  to  these  on  the  east  side  of 
Cove  Creek,  and  forming  the  point  between  "The  Branch/' 
and  Cove  Creek,  more  hornstone  appears,  but  here  it  is  inter- 
spersed with  loose  blocks  of  fourchite.  Higher  up  the  hill 
a  light  colored,  banded  rock  occurs  which  appears  to  be  a 
metamorphosed  shale  and  is  described  later  (Chapter  VIII. 
I.).  Near  the  top  of  the  hill  a  dark  rock  again  appears  and 
in  many  places  loose  pieces  of  fourchite  are  scattered  over  it. 
The  latter  are  often  amygdaloidal  and  show  calcite  filling 
the  cavities. 

Below  the  top  of  the  hill  on  the  northeast  side  the  dark 
rock  is  soon  replaced  by  the  light  colored,  banded  rock 
mentioned  above.  Here  it  seems  to  be  more  decidedly 
stratified,  and  where  it  has  weathered  it  shows  a  distinct 
banded  structure,  but  when-  broken  the  fracture  seems  to 
have  little  or  no  tendency  to  follow  this  banding.  Directly 
b  *low  this  appears  the  eleolite  garnet  syenite  (Chapter  YII. 
II.  A.  2),  which  is  characterized  by  its  dark  color,  granular 
appearance  and  great   weight.    Below  this  again  comes  the 


180  ANNUAL  BBPOBT  STATE  OBOLOOIST. 

very  coarae-graiDed  eleolite  mica  syenite  (Chapter  VII.  ii. 
A.  1),  which  is  very  rich  ia  eleolite  and  generally  contains 
much  mica.  It  is  probably  in  this  latter  rock  that  the  de- 
posits  of  lodestone  and  the  large  masses  of  protovermicalite 
are  foand.  On  passing  around  the  inside  of  the  Cove  and 
keeping  along  the  southern  ridge  it  is  found  that  the  same- 
succession  of  rocks  exists  as  was  noticed  on  the  hill  just  de- 
scribed. This  similarity  of  arrangement  continues  to  the^ 
northeast  side  of  the  Cove,  but  towards  the  last,  on  the- 
southwest  side  of  the  Cove  Mountain,  the  band  of  eleolite*. 
garnet  syenite  becomes  narrower  and  the  hornstone  comes, 
further  down  the  hill. 

The  center  of  the  Cove  consists  in  part,  as  is  shown  on 
the  map,  of  the  very  coarse-grained  eleolite  mica  syenite 
through  which  is  disseminated  much  magnetite  and  lode- 
stone.  This  latter  mineral  becomes  especially  abundant  ia 
one  portion  of  the  mass  and  the  low  hill  on  which  it  occurs, 
is  known  as  the  ^'  lodestone  bed. "  From  this  hill  many  tons, 
of  ore  have  been  collected  and  shipped  or  carried  away,  but/ 
still  the  supply  remains  equal  to  the  demand  and  good 
specimens  are  always  to  be  obtained.  It  is  commonly  believed 
in  the  Cove  that  this  '' magnet  ore, "  as  it  is  called,  exist& 
only  on  the  surface  and  that  as  soon  as  one  penetrates  below 
the  top  of  the  ground  the  deposit  ceases.  Thia  is  in  part^^ 
true,  for  the  "  float-ore  "  is  the  accumulation  of  centuries.  It 
has  been  separated  out  from  immense  quantities,  of  syenite^ 
which  has  little  by  little  decayed  and  been  washed>  a.w&y, 
leaving  only  the  exceedingly  heavy  lodestone  near  the  place* 
where  it  was  originally  formed.  A  prospect  hole  waa  at  one 
time  opened  in  the  lodestone  bed  and  it  waa  found  that 
although  pieces  of  the  ore  were  obtained  deep  down,  lathe 
decomposed  syenite  they  were  not  large  enough  nor  suffi- 
ciently abundant  to  warrant  the  opening  of  a  mine  as  haa 
been  proposed.  Both  Feathevstonhaugh  (loc»  cit.,  p..  63) 
and  Owen  (loc.  cit.,  p,  31)  were  deceived  by  the  amount  of 
ore  found  on  the  surface  and  belkved  that  it  was  merely  thje- 
surface  showing  of  much  larger:  ({quantities  below. 
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Mach  of  the  ore  found  is  lodestone  or  natural  magnet 
-ore,  while  the  rest  of  it  is  simply  maasive  magnetite  and  is 
not  polarized.  By  piling  the  latter  into  heaps  with  some  of 
the  polarized  mineral  it  has  been  found  that  the  non-mag- 
netic pieces  gradually  become  polarized  and  often  become 
as  strong  magnets  as  some  of  the  originally  polarized  pieces. 
The  magnetic  iron  ore  is  usually  found  in  smooth,  round 
masses,  entirely  free  from  adhering  pieces  of  other  minerals, 
thus  showing  how  complete  the  weathering  has  been.  A  f^w 
-email  specimens  have,  however,  been  found  in  which  both 
apatite  and  mioa  (protovermiculite)  are  seen  to  be  in  direct 
association  with  tlra  *'  magnet-ore. " 

It  has  been  found  by  experiment  that  the  ore  does  not  form 
•a  valuable  grade  of  iron  when  reduced  in  a  blast  furnace. 

Northwest  oi  this  magnetite  bed  deposits  of  limonite  and 
*0ther  loose  sinter-like  forms  of  hydrous  oxides  of  iron  occur. 
These  were  formed  by  the  gradual  decomposition  and  alteration 
*of  the  magnetite.  This  formation  will  be  considered  again 
wh^n  the  tufa  hill  in  the  center  of  the  Cove  is  described. 

All  about  the  lodestone  bed  and  in  fact  filling  all  this  por- 
tion of  the  bottom  of  the  Cove  is  a  loose,  decomposed  material 
which  consists  of  impure  kaolin  and  clay  in  which  are  imbedded 
«na$«ses  of  protovermiculite  often  a  foot  (30cm)  or  more  in 
^diameter,  schorlomite,  melanite,  apatite,  in  large  single  prisms 
«nd  in  radiate  masses  of  small  needles,  eleolite  in  rounded  masses 
«nd  som^  brookite.  Near  the  Baptist  church  along  the  bank 
Bnd  in  the  bed  of  ''  The  Branch''  there  occurs  a  bed  of  coarse- 
grained, crystalline  limestone  which  contains  green  mica  usually 
scattered  irregularly  through  it^  but  often  arranged  in  veins. 
This  coarsely  crystalline  limestone  or  calcite  was  formed  by  the 
contact  of  the  igneous  rock  with  a  bed  of  common  limestone^ 
which  may  be  part  of  the  Lower  Silurian  rocks  of  that  region. 
Since,  however,  corresponding  beds  are  not  found  outside  of  this 
region,  it  seems  more  probably  that  the  calcite  was  formed  by 
the  action  of  the  igneous  rocks  on  a  calcareous  hot  spring  deposit 
^hich  was  locally  developed  at  that  point. 

The  hill  in  the  center  of  the  Cove  consists  principally  of  a 
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silioeoaB  aod  oalcareoas  sinter,  which  is  evidently  of  hot  spring 
origin*  and  is  subsequent  to  the  metamorphism  which  altered 
the  rock  just  described.  On  both  eides  of  this  the  eleolite 
garnet  syenite  and  the  eleolite  m!ca  syenite  appear  near  its  base 
and  are  probably  in  place,  while  the  blocks  of  sinter  which 
overlie  and  often  almost  conceal  them  from  sight  have  rolled 
down  from  above.  Above  the  zone  in  which  the  eleolite  rock 
appears  the  whole  hill  is  made  up  of  a  porous  sinter  which   ia 

many  cases   contains  large  crystals  of  quartz.      This   hill   iii 

« 

about  70  feet  (20m)  above  the  surrounding  Cove  bottom  and  ia 
an  oval,  regularly  sloping  hill  of  comparatively  slight  declivity. 
At  its  eastern  end  it  is  connected  with  the  deposit  of  hydrous 
oxide  of  iron  already  mentioned  and  it  is  probable  that  these  two 
deposits  are  very  closely  connected  in  their  origin. 

In  many  cases  the  igneous  rocks  about  the  base  of  the  hill 
appear  to  form  dikes  but  it  is  probable  that  they  are  massive  and 
that  in  weathering  certain  harder  bands  in  them  have  resisted 
the  disintegrating  action  better  than  the  r^ st  of  the  mass  and 
hence  remain  as  apparent  dikes  (Chap.  XIII.,  dikes  165  to  171).. 

Just  at  the  north  of  this  hill  is  a  spring  which  ?s  remarkable- 
on  account  of  the  continuous  stream  of  bubbles  of  gas  which  it 
gives  oS.  It  was  supposed  that  this  was  either  carbonic  acid  gas. 
or  marsh  gas,  but  on  being  tested,  it  was  found  to  be  ordinarjr 
atmospheric  air.  f 

The  spring  is  situated  in  a  marshy  piece  of  ground  where- 
no  rock  in  place  can  be  found  but  on  both  sides  of  it  the  eleolite 
garnet  syenite  occurs,  and  it  is  probable  that  either  that  rock  or 
the  eleolite  mica  syenite  underlies  it. 

^See   ComAtock'8  statoirent  to  tbis  effect,  Annual  Beport  of  GelogioftI  Burwtj  of 
▲rkaoMs  for  1888,  Vol.  L,  p.  81. 

t  The  gis  nelttier  extlDguishts  a  match  plurged  into  It,  nor  takes  fiie  itself.  Ko  <  Uor- 
of  sulphur  can  be  detected,  so  that  the  name  "sulphur  spring,"  which  is  often  applied  to  t,  ia 
a  misnomer.  In  order  to  make  an  exact  determination  of  the  escaping  gas  a  quart  botUe  waA 
filled  with  it  and  analysed.  The  bottle  which  was  to  serre  the  purpose  of  collection  ha  I  % 
funnel  fixed  in  its  neck,  was  filled  with  water,  Inrerted  in  the  sprli  g  and  left  oVer  night. 
The  next  morning  the  gas  was  found  to  hare  expelled  all  ihe  water  and  10  have  filled  1  he  bottle. 
The  funnel  was  remoTed  and  the  cork  inserted  without  changiog  ihe  position  of  the  bottle  an^ 
the  whole  was  made  perfectly  air  tight  by  sealing  It  with  beeswax.  The  bottle  and  its  oon« 
tents  were  then  taken  to  Worcester,  Mass.,  where  Prof.  Leonard  P.  Kianieott  of  the  WorocstPt- 
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'  A  hill  coDsistiog  of  silioeoas  tufa  very  similar  to  the  one 
just  described  exists  on  the  west  side  of  Cove  Creek  aod  is  so 
situated  as  to  appear  as  if  it  were  the  continuation  of  the  larger 
one  in  the  center  of  the  Cove.  This  smaller  one  at  the  west 
overlies  a  bank  of  the  same  sort  of  crystalline  limestone  as  that 
near  the  Baptist  church,  and  is  in  general  more  truly  tufaoeons 
and  less  filled  with  quartz  crystals  than  that  further  to  the  east. 
It  is  probable  that  these  two  deposits  were  once  connected  and 
that  Cove  Creek  has  cut  them  apart.  The  limestone,  which 
underlies  this  siliceous  tufa  is  of  a  coarse  crystalline  variety  and 
forms  a  blufiF  twenty  or  thirty  feet  (6  to  9m)  high  and  might 
well  be  untilized  for  the  manufacture  of  lime.     A  great  deal  of 

Polyteohie  lotftitite  klndl/  Tolunteered  to  mftke  a  complete  gM  aoaljals  of  it.   The  leralts  of 
this  eneljtis  are  as  follows  :— 

Tabie  9f  Gas  Analysis. 


TREATMENT. 


(OrlgiDal  quantity) 

Potaatic  hydrate  (HKO) 
Eroinine  (Br)....*.*-*.* 


GalUc  acid   (CeHa    (OH), 
OOOH) 

Cnproas  chloride  (OuaQa)- 


Ha 

So  "a 

96.0 

12.8 

•7.9 

12.6 

0.1 

97.9 

•  • • ■ • •••    we  a«e**»» 

e.o 

76.6 

12.4 

21.8 

76.6 

0.0 

GAS  DETEBMIKED. 


Carbonie  dioxide  (00a)> 
Hydrooarbona. 

Oxygen. 
Carbon  monoxide  (00),  etc. 


After  reducing  the  abore  to  760mm  pressure  and  0°C.  temperature  these  figures  beoome 
as  follows  :— 

Oas  analysis  rtduosd  to  normal  pressure  and  iemperature. 


VOLUME. 

Cubic 
centimeters. 

Fir  cent. 

CONSTITUENTS. 

Volume  unaeted  upon 

19.08 
78.08 

20.67 
79.88 

Oxygen. 
Nitrogen. 

Total  TOlume  taken 

92.06 

100.00 

Air. 

The  average  composition  of  atmoopheric  air  is  :— 

•       Oxygen. „ 20.96 

Nitrogen 79.04 

It  is  therefore  evident  that  the  gas  whieh  bubbles  up  through  the  spring  is  oommoo 
fttmoepheric  air. 
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it  is  comparatively  pure^  while  tbe  rest  of  it  is  filled  with  con- 
tact mineralS|  which  would  greatly  impair  its  usefulDess.  The 
greatest  drawback  to  its  practical  applicatioa  is  its  coarsenesSj 
for  this  might  canse  it,  when  barned|  to  form  a  crumbly  mass 
instead  of  close,  compact  stooe.  Its  proximity  to  the  city  of  Hot 
Springs  and  the  ease  with  which  it  can  be  obtained  from  the 
bank  would  probably  make  the  burning*  of  it  on  a  small  scale  a 
profitable  undertaking.  At  the  south  end  of  the  knoll  in  which 
the  limcbtone  occurs  is  located  the  pegmatitic  eleolitc  eudialyte 
syenite  dike  in  which  so  many  rare  and  beautiful  minerals  were 
found  by  Mr.  William  J.  Kimzeyf*  This  rock  seems  to  have  been 
ill  direct  contact  with  the  limestone  und  it  is  due  to  their  mutual 
reactions  that  many  of  these  contact  minerals  have  been  formed. 
(See  chap.  YIII.  ii.  B.)  Leucite  rock  also  appears  in  this  same 
knoll,  but  its  relation  to  the  other  rocks  is  not  quite  clear.  It 
seems  as  if  it  formed  a  part  of  the  eleolite  eudialyte  dike  which, 
on  account  of  some  local  influence,  the  cause  of  which  it  is  diffi- 
cult to  detect,  crystallized  in  part  in  the  form  of  a  leucite 
syenite  dike. 

Between  this  knoll  and  the  low  hill  lying  south  of  it 
(page  179),  on  the  west  side  of  Cove  Creek,  is  situated  what  is 
known  as  ^^Perofskite  Hill''  a  very  slight  elevation  of  not  more 
than  30  feet  (10m)  from  which  all  the  perotskite  or  dysanalyte 
<;ry8tals  from  Magnet  Cove  are  obtained.  These  crystals  are 
usually  found  loose  on  the  surface  but  in  a  few  cases  have  been 
fuund  imbedded  in  calcite  or  apatite.  Brookite,  and  the  so- 
called  hydrotitanite  (a  decomposed  perofskite)  a«3  well  as  mag- 
netite octahedrons  and  rosettes  of  rutile  are  aWo  found  in  this 
same  locality  and  all  indicate  that  metamorphosed  limestone  and 
sandstone  were  once  present  in  the  hill  and  formed  the  rock  in 
which  they  were  produced.     Loose  pieces  of  black  leucite  tin- 

^  For  suggMUoDB  on  the  prtctical  eonstructioo  and  operatioa  of  lime  kilns  the  reader  Is 
referred  to  the  report  on  the  limestonea  and  marblei  of  Arkansis  by  T.  C.  Hopkins,  Vol.  lY. 
of  the  Annual  Report  of  the  Geological  Sunrej  of  Arkansas  for  1890. 

t  The  writer  has  obtained  from  Mr.  Kimsey  manj  of  the  specimens  described  in  this 
report  from  this  and  other  localities  about  the  Gove,  and  would  suggest  that  any  one  wishing 
specimens  from  this  region  may  obtain  them  by  addressing  Mr.  Kfmsey  at  Magnet  P.  O.,  Hot 
8priogCo ,  Arkansas. 
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f^ite  have  been  found  on  the  hill,  and  near  the  highway  horn- 
"Stone  and  eleolite  tioguiite  have  been  observed*  Dae  west  of 
Perofskite  Hill  there  rises  a  mach  steeper  and  more  prominent 
iiill  of  lencite  syenite  dike  rock  which  is  sarroanded  on  the  east 
hj  a  band  of  green  lenpite  tinguaite.  On  the  west  this  hill  is 
i>ounded  by  shale  and  sandstone  which,  as  they  approach  the 
main  ridge  of  syenite^  become  hornstone-like.  Here  and  there 
^scattered  through  this  altered  shale  are  dikes  of  fine-grained 
eleolite  syenite.    Ouaohitite  has  also  been  found  in  loose  blocks. 

The  main  ridge  forming  the  western  boundary  of  the  Cove 
-consists  of  a  fine-grained  eleolite  syenite  dike  which  at  certain 
points  becomes  leucitic.  Thus  while  the  bay-shaped  protrusion 
-of  syenitic  material  extending  southward  into  the  shale  is  a 
perfect  lencite  syenite  dike,  rock,  it  yet  grades  imperceptibly  into 
the  fine-grained,  eleolitic  rock  west  of  it.  The  fine-grained 
-fiiyenite  of  this  portion  of  the  hill  becomes  decidedly  lamprophyric 
mod  in  many  cases  it  is  difficult  to  determine  whether  a  speci- 
tnen  of  this  or  of  some  dense,  basaltic  rock  is  at  hand.  In 
'^ome  cases,  as  for  example  on  the  west  side  of  the  ridge  near  the 
«)bool»house  on  the  hill,  the  rock  becomes  coarser  and  resembles 
^at  from  the  Diamond  Jo  quarry  (see  later). 

In  the  road  and  generally  on  the  eastern  side  of  the  ridge 
D^r  its  base,  a  decomposed  novaculite  appears  which  may  have 
famished  the  lime  for  the  formation  of  the  calcite  bed  already 
mentioned.  It  is  a  fine-grained,  harsh  rock,  which  can  easily  be 
tsat  with  a  knife  and  might  be  used  for  a  coarse  polishing  powder. 
It  is  probable  that  this  rock  was  present  at  one  time  in  large 
mas8<^s  on  the  eastern  and  southern  sides  of  this  ridge,  although 
it  iti  now  completely  decomposed,  eroded,  or  covered  with  other 
materials. 

In  the  bed  of  the  small  stream  which  flows  into  Cove  Creek 
Just  north  of  the  tufa  hill  on  the  west  of  Cove  Creek  both  a  meta- 
morphosed limestone  and  a  dark,  ponderous,  igneous  rock  occur. 
The  igneous  rock  forms  a  16  foot  (4.6m)  dike  and  is  the  most 
tsharacteristic  example  of  an  amphibole  monchiquite  that  has 
4>een  found  among  the  igneous  rocks  of  Arkansas.  It  has  been 
iraced  by  means  of  its  boulders  for  about  1,300  feet  (400m)  in 
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the  direction  N.  75^  E.  across  the  flatp,  bat  in  the  bottoms  of 
the  ditches  it  is  found  in  place  (see  chapter  XIII.,  dike  174),. 
Just  west  of  this  dike  and  not  many  feet  away  occurs  a  dike  of 
green  leucite  tinguiite  and  at  several  other  points  in  that  regioa 
the  same  rock  appears.  Where  the  road  to  the  north  crosses  the- 
hill  (along  the  township  line  between  sections  18  and  13)  massea 
of  foarchite  and  hornstone  occar.  About  half  way  ap  the  hill 
and  just  below  the  syenitic  rock  a  band  of  green  leucite  tin- 
gu4ite  occurs  as  a  border  rock.  Between  this  ridge  and  the  hilk 
lying  north  of  it,  the  flat  is  covered  with  waterwom  material 
and  gives  no  clue  to  what  is  beneath.  Along  the  southera 
boundary  of  the  syenite  both  hornstone  and  fioe-grained  varieties 
of  fourchite  are  found.  Here  and  there  in  the  ridge  the  leucitio 
rock  makes  its  appearance  but  the  mass  of  the  rock  consists  of  a 
gametiferous  syenite  of  both  coarse-  and  fine-grained  varieties*.. 
A  dark  brown  variety  of  eleolite  syenite  dike  rock  and  fourohite- 
occur  in  the  stream  bed  northeast  of  the  house  marked  8.  W.. 
Fordyce  No.  3,  and  cover  a  considerable  area.  The  eleolitio- 
rock  contains  small  masses  of  both  eleolite  syenite  (Diamond  Ja 
type)  and  of  gametiferous  eleolite  syenite  (ridge  type).  These- 
are  of  small  size  and  appear  to  be  local  variations  in  the  magma 
from  which  the  dark  colored  rock  was  formed.  Along  the  ridge- 
east  of  this  poiut  both  eleolite  and  leucite  dike  rocks  occur,  but 
the  latter  become  more  and  more  scarce  until  the  eastern  end  of' 
the  ridge  is  reached.  At  this  point  there  is  a  large  boulder  or 
loose  piece  of  eleolite  mica  syenite  (cove  type)  containing  large- 
crystals  of  biotite.  On  the  south  side  of  this  ridge  a  good  deal 
of  weathered  material  occurs  which  consists  principally  of  a 
coarse-grained  sandstone,  which  at  one  time  contained  pyrite,. 
and  in  which  this  mineral  hss  now  been  altered  te  limonite.. 
This  rock  has  been  the  subject  of  investigation  in  the  latest  of 
the  periodical  mining  fevers  which  has  attacked  Magnet  Cove. 

In  the  flat  south  of  the  end  of  the  ridge  and  lyings 
between  it  and  Cove  Creek  are  two  outcrops  of  igneous 
rock ;  one  a  narrow  dike  of  green  leucite  tinguiite,  lying^ 

^  This  U  not  the  ahfssal  «leolit«  garnet  syenite  hat  a  gametiferous  rook  oorreepeiidlng^ 
to  a  fine-grained  rock  of  the  Dianaond  Jo  tjpe  of  dike  rock. 
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nearly  north  and  south  and  conbected  across  Cove  Creek 
with  a  larger  mass  on  the  south  side ;  the  other  a  small 
bank  of  eleolite   syenite   dike  rock  lying  parallel   to  the 
stream.    Southeast  of  the  end   of  the   ridge  there  occurs 
a  peculiar  ring  of  eleolite  syenite  dike  rock,  which,  start- 
ing on  the  west  sile  of  a  small  hill  about  100  feet  (30m) 
above  the  level  of  the  creek  bed  at  that  point,  skirts  ita 
northern  side  for  some  distance  and  then  crosses  over  the 
ridge  and  takes  a  due  southerly  course  to  the  bank  of  the 
creek.    It  then  turns  sharply  to  the  west  and  follows  the- 
bank  of  the  stream  keeping  about  20  feet  (6m)  above  its  bed^ 
At  the   western  end  it  becomes  somewhat  leucitic  in  ita 
texture.    The  most  peculiar  feature  of  this  dike  formation 
is  that  nowhere  does  it  exceed  twenty  feet  (6m)  in  width 
and  that  both  inside  and  outside  of  the  '^ring''  it  is  bounded 
by  sandstone. 

Northeast  of  the  house  marked  D.  R.  Rutherford,  which 
stands  on  a  bank  of  detrital  material,  there  occur  more^ 
lodestone  and  protovermiculite  like  those  already  described 
on  the  lodestone  bed  in  the  Cove.    North  of  this  point,  loose 
pieces  of  eleolite  syenite  dike  rock  and  eleolite  tinguaite  are^ 
scattered    about.      They   are  evidently  portions  of  dikea 
which  cut  through  the  side-hill  and  have  an  approximately 
east  and  west  direction.     At  one  or  two  points  in  the  beda 
of  the  streams  where  these  dikes  cross  them  the  rock  ap- 
pears in  place.     (See  chap.  XIII.,  dikes  195, 196).     At  the 
eastern  end  of  this  dike  or  series  of  dikes,  one  three  foot 
(O.Offi)  dike  is  exposed  and  crosses  Cove  Creek  about    300 
feet  (90m)  south  of  the  house  marked  J.  M.  Henry  No.  1. 

Northeast  of  this  on  Cove  Creek  there  are  but  very  few 
exposures  of  igneous  rock ;  several  dikes  of  dark  colored 
igneous  rock  cut  the  sedimentary  strata  in  the  bed  of  the 
stream ;  at  a  point  about  1000  feet  (300m)  above  the  house^ 
J.  M.  Henry  No.  1,  there  occurs  a  dike  (Chap.  XIIL,  dike 
198)  of  syenitic  rock  (fine-grained  eleolite  syenite  dike  rock) 
lying  nearly  parallel  to  the  stream.  This  is  bounded  ob 
both  sides  by  shales   which  have  been  metamorphosed    ta 


188  ANNUAL  BBPOBT  STATE  OfiOLOOIST. 

beautifally  banded  borastODes.  Tbe  bigb  cliS  west  of  tbe 
Bortbeast  corner  of  section  17,  contains  a  combination  of 
various  dikes  (Chap.  XIII.«  dikes  199  to  206)  wbicb  is  some- 
"wbat  peculiar.  Lying  in  tbe  face  of  tbe  clift  tbree  varieties 
of  intrusive  rock  appear  wbicb  are  distributed  as  follows  : 
A  dense,  dark  eleolite  syenite  dike  2  feet  (0.6m)  wide  strikes 
tip  tbe  cliS  at  an  angle  of  about  45°  to  the  west.  Near  its 
highest  point  two  dikes  of  light-colored,  syenitic  rock,  wbicb 
taake  smaller  angles  with  tbe  horizon,  intersect  it.  One  of 
these  is  a  pure  eleolite  syenite  dike  [eleolite  porphyry  (?)  ] 
"while  the  other  is  a  mixture  of  light  and  dark  syenitic 
material.  Each  of  these  is  about  one  foot  (0.3m)  wide  and 
tbe  upper  one  wbicb  contains  tbe  mixed  rocks  makes  an 
«ngle  of  about  16°  with  tbe  horizon,  while  tbe  lower  one 
majces  an  angle  of  about  20°  and  cuts  tbe  upper  one  near 
their  common  junction  with  the  dark  colored  dike.  Two 
other  dikes  of  dark  colored  syenite  are  found  in  this  cliff 
but  they  do  not  intersect  those  just  described. 

Oa  ';be  side -hill  across  (southeast  side)  Cove  Creek  two 
varieties  of  rock  occur  wbicb  difter  quite  decidedly  from 
-each  other  both  in  appearance  and  in  composition*  One  of 
these  is  black  and  heavy  and  forms  tbe  principal  rock  of 
that  side  of  the  stream.  It  is  well  exposed  in  the  steep 
'banks  which  are  from  twenty  to  thirty  feet  (6  to  9m)  bigb. 
This  rock  appears  to  be  a  form  of  the  Cove  type  of  eleolite 
syenite  in  which  there  is  a  great  preponderance  of  black 
minerals.  It  is  very  heavy  and  dark  and  presents  tbe 
appearance  of  a  basaltic  rock,  but  under  tbe  microscope  it 
is  seen  to  lie  between  the  true  eleolite  syenites  and  the  mon- 
-chiquites  in  its  mineral  composition.  It  has  been  classed 
^ith  the  former  for  several  reasons,  among  which  are  tbe 
following :  It  is  older  than  the  light  colored  syenite  dikes 
which  are  found  cutting  it  in  dikes  both  large  and  small ; 
its  chemical  composition  is  nearer  that  of  tbe  mica  eleolite 
syenite  than  of  the  moncbiquite  or  ouacbitite  of  this  region 
or  of  other  parts  of  tbe  world;  its  minerals  are  more  like 
those  of  the  syenite  than  of  the  moncbiquite,  as,  for  example 


i  I 


d 

le 

]: 
te 


HAQNET  COVE  REGION  — DIBTBIBUTION.  18& 

the  pyroxene  which  belongs  to  the  diopside  variety  and  not 
to  the  basaltic  augite.  Moreover,  the  rock  is  cat  in  several 
places  by  dikes  of  ouachitite,  which  indicates  that  it  is  older 
than  the  latter,  and  not  of  the  same  age  as  woald  be  ex- 
pected if  it  were  grouped  together  with  it  in  the  monchiquite 
group.  The  fact  that  this  dark  rock  is  cut  by  sharply 
defiued  dikes  of  light  colored  syenite  in  every  direction 
shows  that  the  former  must  have  been  quite  solid  before  the 
latter  was  formed.  The  fragments  of  the  dark  rock  have 
sharp  corners  and  angles  and  show  that  the  rock  was  com- 
pletely shattered  by  the  intrusion  of  the  younger  rock.  In 
many  places,  especially  near  the  house  marked  J.  M.  Henry 
No.  8,  this  dark  rock  occurs  only  in  very  small  pieces,  but 
at  other  points  it  appears  to  have  been  broken  through  only 
in  a  few  cracks.  For  an  illustration  of  this  see  the  view 
looking  up  Cove  Creek  from  a  point  due  east  of  J.  M. 
Henry's  house  (plate  15).  In  this  illustration  the  white 
dikes  are  the  younger,  light  colored,  syenitic  rock  which 
breaks  through  the  dark  rock. 

On  the   side-hill  above  the  poiut  where  the   black   rock 
ceases  (south  of  the  northeast  corner  of  section  17)  there  appears 
a  comfiaratively  coarse-grained  eleolite  syenite,  which  resembles 
quite  closely  the  syenite  of  the  Diamond  Jo  type.    This  extends 
up  the  hill  to  the  point  where  the  novaculites  occur  but  above 
them  DO  trace  of  it  can  be  found.     The  syenite  only  occurs  as 
loose  boulders  and  it  is  so  weathered  that  no  microscopic  deter- 
mination of  it  can  be  made.     On  the  west  side  of  this  same  hill 
there  appears  a  dike   of  eleolite  tingu^ite  (Chapter  XIII.^  dike 
214)  which  is  probably  about  3  feet  (0.9m)  wide.      Its  exact 
width  and  direction  cannot  be  determined,  because  of  the  large 
amount  of  talus  derived  from  the  novaculite  capping  the  hill, 
but  it  seems  to  strike  straight  up  the  western  nlope  of  the  hilK 
On  the  point  of  the  hill  above   the  end  of  this  dike  a  small 
deposit  of  rock  belonging  to  the  novaculite  series  occurs  which^ 
although  not  very  important  at  this  locality,  becomes  so  further 
south  and  forms  one  of  the  carriers  for  the  rare  minerals  of  the 
region.    This  rock  consists  of  quartz  crystals  which  are  niore  or 
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4e6S  perfectly  terminated  and  whioh  oooasionally  form  the  beaati« 
ful  rock  crystal  and  smoky  quartz  so  mach  Roaght  after  by  the 
mineral  dealers  of  Hot  Springs.*  The  crystals  are,  however,  more 
commonly  pressed  together  into  a  loose  mass  which,  on 
being  struck  with  a  hammer,  readily  falls  tp  pieces.  These 
«n  'Sses  are  often  so  loosely  cemented  together  that  mere  rabbing 
in  the  hands  suffices  to  crnmble  the  rock  to  a  fine  sand.  Mag- 
netite grains  of  varying  size  and  the  renowned  arkansite  or 
4)rookite  which  has  been  the  subject  of  so  much  discussion 
^raong  mineralogists  occur  among  these  small  quartz  grains  and 
are  imbedded  on  the  sur&oe  of  the  large  crystals.  These 
minerals  will  be  described  later  under  the  head  of  metamorphic 
•minerals  (Chap.  VIII.  ii.  A.),  although  it  is  not  at  all  certain 
what  part  the  igneous  rocks  have  played  in  their  formation. 

The  side-hill  south  of  the  igneous  dike  mentioned  above  is 
•evidently  cut  by  similar  dikes,  although  in  no  case  has  it  been 
possible  to  determine  the  exact  position  of  any  of  them.  Their 
.pretfence  is,  however,  indicated  by  the  loose  blocks  of  rock  found 
here  and  there  and  by  the  growth  of  deciduous  trees  which  cover 
this  part  of  the  hill.  This  sudden  change  in  arbora- 
4;iou  as  indicating  a  change  in  the  character  of  the  underlying 
rocks  on  the  hills  surrounding  the  Cove  cannot  be  too  strongly 
•emphasized. 

West  of  this  hill  lies  Chamberlain  Creek  and  the  space 
-between  the  latter  and  Cove  Mountain,  still  further  to  the  west, 
is  covered  with  both  leucitic  and  eleolitic  syenite  dike  rocks  so 
intermingled  that  it  is  impossible  to  separate  them.  The  land 
is  almost  all  under  cultivation  and  it  is  only  here  and  there  that 
the  leucite  rock  forms  a  muss  of  boulders  so  thick  that  tillage  is 
impossible.  Spots  where  such  masses  of  syenite  occur  are  marked 
by  a  tangled  growth  of  blackberry  bushes  and  a  second  growth 
of  deciduous  trees  and  are  easily  recognized  at  a  distance.  There 
*is  one  small  patch  of  shale  due  south  of  the  house  marked  J.  M. 
Henry  No.  8.  This  forms  the  top  of  a  bank  sloping  steeply  to 
the  creek  on  the  east  and  which  on  its  west  side  shows  a  decom- 

^  The  principal  Murc«  of  the  Hot  Springs  crystals  Is,  howoTer,  not  this  toek  but  the 
sandstODe,  in  whioh  the  crystals  appear  in  bo'.h  large  and  small  segregations. 
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f>o8ed|  ooarse^graioedy  miarolitio  eleoHte  syeDite.  At  this  poiDi  it 
t>oly  appears  ia  a  few  ooternps  and  is  so  much  decomposed  that 
nothlog  defioite  can  be  determined  aboat  it.  In  the  stream  near 
^he  foot  ot  this  bank  two  dikes  (Chap.  XIIL,  dikes  221  and  222) 
of  a  dark,  heavy  rock  occur  imbedded  in  shale  and  are  evidently 
associated  with  the  dark  colored  eleolite  dikes  already  described. 

The  Cove  Mountain  forms  the  northern  end  of  the  horse- 
•-shoe-shaped  ridge  which  has  already  been  described  as  consist- 
ing principally  of  hornstone  (page  177)  and  is  itself  composed 
■of  this  material.     It  is  cut  in  all  directions  by  dikes  of  various 
-igneous  rocks  and  both  sandstone  and  shale  occur  on  it  in  a 
<M)mparatively   unaltered  condition.     Some   of  the   sandstone, 
■containing  large  crystals  of  pyrite(15  to  20mm)  in  a  more  or  less 
"decomposed  state  appears  on  the  crest  of  the  northern  end  of 
the  hill.     It  is  only  a  short  distance  away  from  the  leocite 
syenite  dike  rock  which,  on  the  northeast  side  of  the  hill,  reaches 
nearly  to  its  top.     lieucite  tinguaite  and  eleolite  syenite   dike 
rock  of  the  Diamond  Jo  type  are  also  found  there,  but  they  are 
so  covered   up   with  leaves  and  mould   that  it  is   difficult  to 
-determine  their  exact  positions.     On   passing   along   this  ridge 
towards  the  south  several  alternations  between  the  sedimentary 
4ind  igneous  rocks  are  observed,  as  is  shown  on  the  map,  but  the 
lines  of  demarcation  between  the  different  formations  are  not 
sufficiently  sharp  to  allow  of  their  exact  location.      Boulders  of 
fourchite,  which  occur  here  and  there  scattered  over  the   hill, 
•are  occasionally  so  arranged  as  to  suggest  a  weathered  dike. 

Numerous  large  boulders,  and  a  few  rocks  in  place,  which 
"Consist  of  eleolite  porphyry  (Chap.  YII.  ii.  B.  8),  occur  in  a 
<sultivated  field  northeast  of  Dr.  <  J.  T.  Thornton's  house  at  the 
southern  end  of  the  ridge.  These  form  the  most  characteristic 
specimens  of  this  rock  which  have  been  found  and  are  those 
which  were  taken  as  the  type  in  the  petrographic  description 
-and  from  which  the  analysis  was  made.  Their  relations  to  the 
other  rocks  of  the  region  are,  however,  entirely  masked  by  their 
poor  exposure  and  by  the  weathering  which  has  taken  place.  It 
seems  probable  that  they  constitute  porphyritic  dikes  of  the 
«Ieolite  syenite  material  which  do  not  in  appearance,  structure 
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or  chemical  oomposition  correspond  with  the  eleolite  tibgaditea 
foaod  elsewhere. 

In  their  chemical  composition  these  rocks  are  connected 
with  the  eleolite  mica  syenite,  that  i?,  the  basic  eleolite  syenite- 
of  the  cove  type^  while  the  tingn^ites  belong  to  the  more  aofd 
dike  rocks  of  the  Diamond  Jo  type.  Just  ROi*th  of  Dr.  Thorn- 
ton's house  is  a  mass  of  hornstone  which  has  been  used  as  a  type^ 
for  this  material,  the  analysis  of  which  will  be  found  under  ita 
proper  heading  (Chap.  VIII.  i.). 

The  southern  end  of  the  valley  between  Cove  Mountain  and 
the  novaculite  ridge  east  of  Magnet  Post-office  is  filled  witb 
leucite  and  eleolite  syenite  dike  rocks  but,  as  usual,  the  lipe  of 
separation  between  these  two  varieties  cannot  be  sharply  or  dis- 
tinctly drawn.  At  the  point  where  Chamberlain  Creek  rounda 
the  bluff  near  Tom  Ebbs'  blacksmith  shop  these  two  varieties  of 
rock  occur  side  by  side  on  both  banks  of  the  stream,  as  is  showa 
on  the  map,  but  even  here  their  relations  to  each  other  are  not 
well  defined.  The  leucitic  rock  crosses  the  ravine  west  of  the- 
eleolite  rock,  and  the  two  bands  apparently  lie  parallel  to  each 
other.  The  eleolite  syenite  forms  a  belt  not  more  than  15  feei 
(4.5m)  wide  between  the  leucite  syenite  and  the  sandstone.  Oa 
the  north  side  of  the  stream  there  is  but  a  small  quantity  of  thia 
rock,  and  the  line  of  contact  between  it  and  the  sandstone  de«^ 
scends  the  steep  bank  in  a  northwesterly  direction  and  crossea 
^p  the  west  side  where  its  occurrence  has  already  been  describf^d 
(p.  190).  From  Ebbs'  shop  and  eztendinj^  south  20^  east  for 
a  half  mile  (0.8km)  is  a  band  about  500  feet  (162m)  wide  of  the 
granular,  friable  quartz  rock  and  the  rock  containing  the  large 
quartz  crystals  covered  with  brookite.  The  finest  specimens  ot 
these  crystals  are  obtained  near  John  Watts'  house. 

The  leucite  syenite  dike  rock  fills  the  valley  west  of  thia 
point  and  is  well  exposed  just  west  of  W.  Atkins'  house.  The 
hillside  south  of  Benj.  Carr's  house  is  entirely  covered  with  loose 
pieces  of  Paleozoic  shale  intermixed  with  fragments  of  igneoua 
rock,  but  the  former  is  probably  the  main  rock  of  the  hill.  The 
leucite  syenite  dike  then  bears  to  the  east  and  near  John  Watt«i^ 
house  a  line  of  boulders  of  a  miarolitic  dike  rock  appears.  The 
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steep  cliff  above  Stone  Quarry  Creek  at  this  point  consists  prin- 
cipally of  sedimentary  rock  and  the  leucite  syenite  dike  rock 
exists  only  at  the  top;  but  further  to  the  east  the  syenite  de- 
scends to  the  bank  of  the  stream  and  crosses  to  the  opposite  side. 
Leucite  tinguaite  appears  in  considerable  quantities  in  the  two 
streams  which  enter  Stone  Quarry  Creek  from  opposite  sides 
east  of  this  point. 

The  igneous  rock  of  this  region  is  terminated  on  the  east  by 
Paleozoic  shale  and  the  line  of  contact  is  found  to  lie  along  the 
line  of  the  north  and  south  lane  which  forms  the  center  line  of 
section  21.  Pleistocene  deposits  cover  the  shale  further  to  the 
east. 

Leucite  syenite  dike  rock  covers  the  hill  lying  southwest  of 
the  house  marked  Mrs.  Winford  No.  1,  and,  at  its  southeastern 
comer,  near  the  lane,  becomes  somewhat  tinguaitic,  showing  a 
tendency  towards  an  eleolite  tinguaite.  Southeast  of  this  a  com- 
paratively deep  gully,  made  by  Rowan's  Branch,  separates  the 
igneous  rock  from  the  novaculite  still  further  to  the  southeast. 
Near  the  house  marked  L  Rowan,  several  dikes  of  eleolite  syenite 
and  eleolite  porphyry  occur  as  well  as  a  few  consisting  of  ouachi- 
tite  (?)  (See  chap.  XIII.,  dikes  287-243.)  These  all  trend  in  a 
westerly  direction  and  near  Stone  Quarry  Creek  form  a  steep 
bluS  of  eleolite  syenite  dike  rock  which  is  separated  from  the 
leucite  syenite  dike  rock  north  of  it  by  a  narrow  band  of  sand- 
stone. The  eleolitic  rock  crosses  the  bed  of  the  stream  and  forms 
a  not  inconsiderable  mass  on  the  western  side,  extending  almost 
up  to  the  leucitic  rock  described  later.  It  is  from  this  southern- 
most exposure  of  eleolite  syenite  dike  rock  (Diamond  Jo  type) 
that  the  millstones  already  mentioned  (see  page  9)  were  quarried 
and  it  is  remarkable  that  the  fragments  of  this  rock  are  still  com- 
paratively fresh,  notwithstanding  the  fact  that  they  have  been 
subjected  to  the  action  of  the  elements  under  mo«^t  trying  con- 
ditions for  more  than  fifty  years. 

Just  north  of  this  point  the  banks  of  Stone  Quarry  Creek 
become  very  precipitous,  but  the  steepest  and  highest  banks  are 
not  opposite  each  other,  so  that  no  narrow  gorges  are  formed. 
The  alternation  of  these  steep  banks  from  one  side  of  the  stream 

18  Geological;  Vol.  ii.,  1890. 
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to  the  other  may  beat  be  seen  by  an  iaspectioo  of  the  map.  The 
highest  and  steepest  hank  rises  140  feet  (43m)  above  the  bed  of 
the  creek  and  consists  of  a  mass  of  lencite  tingu4ite,  above  and 
on  the  soath  side  of  which  leucite  syenite  dike  rock  appears. 
This  leacitio  rock  forms  flat  masses  on  the  top  of  the  blnS  and 
by  the  disintegrating  action  of  the  elements  has  yielded  a  large 
number  of  loose,  icositetrahedral  crystals  of  pseudoleucite;  it  is 
probable  that  from  this  point  were  obtained  the  specimens  first 
examined  and  described  by  Kunz  (Chap.  YII.  ii.  C.  1). 

Where  this  leucite  rock  comes  down  the  hill  on  the  southern 
side  of  the  tinguaite  bluff,  it  appears  almost  like  a  lava  stream, 
but  this  resemblance  is  due  to  the  weathering  and  exfoliation  of 
the  rock  and  not  to  any  true  flow,  for  the  Stone  Quarry  Creek 
valley  has  been  in  a  great  part  cut  out  since  the  intrusion  of 
these  rocks.  The  leucite  rock  extends  nearly  to  the  eleolite 
syenite  dike  described  above  and  is  only  separated  from  it  by  a 
narrow  band  of  sedimentary  rock. 

At  several  points  on  the  comparatively  flat  top  of  this  hill 
there  are  found  spots  covered  with  loose  boulders  of  the  green 
leucite  tinguaite  and  at  other  points  boulders  of  monchiquite  may 
be  observed.  The  location  and  approximate  extent  of  these 
deposits  is  indicated  on  the  map,  but  very  little  reliance  can  be 
placed  upon  the  accuracy  of  the  details  in  this  instance,  since  the 
position  of  the  rocks  could  only  be  determined  from  loose 
material.  The  southern  boundary  of  the  leucite  syenite  dike 
rock  is  approximately  a  straight  Hue  which  falls  in  line  with  the 
syenite  dikes  near  Rowan's  house,  and  which  extends  towards 
the  west,  with  only  one  break,  to  beyond  the  Diamond  Jo  quarry 
described  later.  On  a  small  spur  on  the  southwestern  side  of 
this  hill  a  small  area  of  eleolite  syenite  of  the  Diamond  Jo  type 
appears,  and  between  that  and  the  leucite  rock,  from  which  it  is 
6eparated  by  shale,  there  are  a  few  boulders  of  ouachitite. 

The  specimen  of  leucite  syenite  dike  rock  represented  in 
plate  17  (See  Chap.  YII.  ir.  C.  1)  was  found  on  the  mass  of 
leucite  rock  which  comes  down  to  the  creek  from  the  east^ 
nearly  opposite  to  the  high  bluff  just  described,  and  well 
illustrates  the  frequency  with  which  the  pseudoleucite  crystals 
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^ccur.  A  little  farther  op  the  stream,  bat  still  oo  the  east  banky 
the  altered  sedimentary  rock  appears  and  forms  a  point  which 
extends  toward  the  west.  The  leacite  syenite  dike  rock  then 
--appears  again  at  the  water's  edge  and  forms  a  considerable  mass 
on  both  sides  of  the  stream.  The  sedimentary  rock  forming  the 
bank  further  up  the  stream  cuts  oS  this  rock  and  is  itself  finally 
supplanted  for  a  distance  by  a  dark,  porphyritic  eleolite  rock,  but 
it  appears  again  at  the  point  where  the  valley  bends  to  the  east, 
i^pposite  this  point  is  the  bank  described  (page  193)  where  the 
leuoite  dike  rock  is  ou  top  of  the  bank  while  the  shale  forms  its 
lower  slopes.  West  of  this  the  whole  hill  as  far  as  Versar's 
Branch  is  made  up  of  shale,  but  the  point  which  extends  from 
the  main  ridge  toward  the  south  and  forms  the  dividing  line 
between  Versar's  Branch  and  Stone  Quarry  Creek,  is  made  up 
of  an  extremely  confused  mass  of  leucite  syenite  dike  rock,  leucite 
tingu^ite,  eleolite  syenite  dike  rock,  both  coarse-  and  fine-grained, 
-and  of  metamorphosed  sedimentary  rock.  The  approximate 
positions  of  these  various  rocks  are  indicated  on  the  map,  but  as 
-most  of  the  country  is  thickly  wooded  and  the  character  of  the 
rock  could  only  be  determined  from  the  loose  pieces  found,  the 
lines  of  separation  are,  therefore,  not  very  accurate.  The  small, 
narrow  projection  on  the  east  side  consists  of  an  eleolite  syenite 
-tlike  (Diamond  Jo  type)  and  boars  a  strong  resemblance  to  a 
lava  flow,  but  is  the  result  of  unequal  weathering  and  erosion.  On 
the  west  side  of  Yersar's  Brauch  the  land  is  mostlv  under  culti- 
vation  as  far  as  the  road  along  the  ridge,  while  the  rest  is 
•covered  with  woods  in  which  little  or  no  rock  can  be  found  in 
j>lace.  The  lower  part  of  the  hill  and  the  stream  bottom  are 
probably  made  up  of  shale  which  on  the  higher  parts  of  the  hill 
contains  green  and  black  leucite  tingu4ite  as  well  as  hornstone 
and  a  fine*grained,  porphyritic  syenite.  Boulders  of  fourchite 
and  monchiquite  have  been  found  here  and  there,  as  for  ex- 
ample, on  the  highest  point  of  the  hill,  but  they  are  not  at  all 
common.  The  top  of  the  ridge  consists  principally  of  hornstone 
which  extends  down  to  the  eleolite  garnet  syenite  on  the  inside 
t>f  the  Cove  basin.  The  ridge  is  occasionally  crossed  by  the 
%lack  eleolite  tinguaite  which  can  often  be  traced  by  means  of 
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boulders  for  some  distance  in  a  general  west-northwest  direction. 
The  positions  of  these  dikes  are  indicated  on  the  mapi  and  some 
of  them  are  nambered  and  described  in  the  general  table^ 
(Chap.  XIII.). 

Soathwest  of  the  house  marked  J.  N.  Johnson  No.  1,  there- 
occurs  a  green  leacite  rock  which,  when  broken,  does  not  present 
the  glassy  appearance  so  characteristic  of  the  dike  form  of 
leucite  tinguaite.  It  contains  large  crystals  of  pseudoleucite 
some  of  which  are  more  than  three  inches  (76mm)  in  diameter. 
They  usually  weather  white  and  appear  as  large,  white,  polygonal 
(usually  hexagonal)  spots  on  the  dark,  bluish  green  stone.  The 
weathering  of  the  mineral  and  the  matrix  seem  to  take  place  at 
equal  rates,  so  that  the  surface  of  the  rock  always  remains- 
smooth.  It  is  impossible  to  discover  the  exact  extent  of  thia 
rock  or  of  the  black  eleolite  porphyry  or  tinguaite  with  which 
it  is  closely  connected  both  in  position  and  origin.  It  is,  how- 
ever, not  improbable  that  this  green  leucite  tinguaite  marks  the 
northwestern  limit  of  the  leucitic  rock  forming  the  high  bluff 
already  described  (page  194),  east  of  it  and  that  the  eleolite 
porphyry  is  only  a  phase  of  the  same  rock.  Somewhat  further 
south,  but  still  on  the  same  hill,  there  appear  boulders  from  one 
of  the  eleolite  tingu4ite  dikes  mentioned  above,  (page  196)  as 
well  as  loose  pieces  of  monchiquite  rock  and  fragments  of  shale. 

In  front  of  J.  N.  Johnson's  house  and  all  along  the  ^^ridge- 
road''  boulders  of  tingu/iite  and  of  fourchite  occur  but  it  is  only^ 
in  rare  cases  that  they  can  be  located  with  any  accuracy. 

The  ridge  forming  the  southern  boundary  of  the  Cove  con- 
sists principally  of  homstone  which  is  separated  from  the- 
eleolite  garnet  syenite  by  the  white,  spotted  rock  mentioned 
above  and  occurring  south  of  J.  F.  Moore's  house  (page  179). 
The  hornstone  forms  the  top  of  the  hill  and  is  frequently  in- 
tersected by  dikes  of  eleolite  tingu4ite  and  by  small  masses  of 
rock  belonging  to  the  monchiquite  group.  In  many  places  it  is 
absolutely  impossible  to  decide  which  of  the  boulders  belongs  to 
the  prevailing  rock  of  the  locality.  Near  J.  D.  York's  house 
and  on  the  lane  running  thence  toward  the  south  there  ia 
macb    eleolite  tingudite   and    monchiquite  exposed;  it  seems 
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more  probable  that  these  rocks  are  in  the  form  of  narrow  dikes 
in  the  hornstone  than  that  they  oonstitate  any  ooneiderable 
independent  masses.  The  line  of  jnnctioo  between  the  horn- 
«tone  and  the  loucite  syenite  dike  rock  keeps  near  the  orest  of 
the  hill  and  is  at  this  point  marked  by  the  oooarreDce  of  tin- 
gii4ite.  The  lencite  syenite  dike  rock  forms  the  greater  part  of 
the  mass  of  the  igneous  rock,  bat  it  is  found  in  many  cases  to 
change  almost  imperceptibly  into  eleolitic  rock  of  either  the 
Diamond  Jo  or  the  garnetiferous  eleolite  syenite  (ridge)  type. 
About  half  way  down  the  southern  slope  of  the  ridge  several 
parallel  bands  of  sedimentary  rook  appear.  These  are  not  very 
wide  but  they  seem  to  follow  a  nearly  east  and  west  course 
and,  if  their  appearance  in  successive  gulleys  and  roads  may  be 
taken  as  an  indication,  they  seem  to  be  oontinuons.  The  whole 
«ide-bill  is  covered  with  loose  boulders  of  syenite  and  scattered 
here  and  there  among  them  loose  pieces  of  sedimentary  rock 
oocar,  indicating  that  the  latter  is  probably  more  plentiful 
among  the  ignecas  rocks  than  might  be  supposed.  The  presence 
«f  these  loose  pieces  of  rock  is  indicated  on  the  map  by  crosses 
and  bands  of  the  sedimentary  color  over  the  igneous  back- 
ground. 

Some  clue  to  the  conditions  under  which  the  rocks  of  this 
ridge  have  been  formed  may  be  obtained  from  the  occurrence  of 
«  dike*  of  eleolite  syenite  lying  about  200  feet  (61m)  south  of  the 
main  mass  of  igneous  rook.  This  dike  has  been  traced  in  an  east 
«ud  west  direction  for  over  1600  feet  (467m)  and  seems  to  be 


FlfDnt.    SltHit  mM  o/ PlammJ  Jo  QHorrv  Ui^tiel  Cnt.  Bcil^ 
•)■ 

a:    ElMmaiT>nlUdlksr(Kk([MimondJotTpt}. 

M.   UelMuorphotcdwdimsiiUrj  took. 

C.    FilMcolD  rg«k. 

O.    ElaoUUi^BDlt*  dik«. 

•DilumolMbltlDCtikp.XIIIud  nupIV. 


I 


4 


M 


■ihi: 


98. 


ANNUAL  REPORT.  8TATB  QBOLOQIST. 


AV 


perfeotly  !.4^foEp  ',in'»widih  throughout  its  eo^ire  .length.  It; 
comes  up  throug|i/fmAQl)ale  in  a  direction  almost  parallel  to  the 
contact  between  the  snale  and  the  south  side  of  the  main  mass  of 
rock  of  the  Diamond  Jo  quarry  (Fig.  9).  A  band  of  shale  sep- 
arates  the  two  exposures  and  shows  that  each  of  the  masses  of 
igneous  rock  was  intruded  into  the  sedimentary  rock  across  the 
stratification 9  but  in  the  direction  of  its  strike.  The  same  thing, 
has  been  repeated  several  times  j^urther  up  the  hill  and  differs 
from  this  case  only  in  the  fact  that  there  the  masses  of  intrusive- 
rock  are  larger  and  the  sedimentary  beds  narrower.  Tn  this  way 
the  numerous  bands  of  shale  and  the  fragments  of  sedimentary 
rock  found  among  the  igneous  rocks  are  accounted  for.  Ii» 
most  cases  where  the  sedimentary  rock  is  found  in  place  in  ther 
stream  beds  a  band  of  tingu4ite  occurs  on  either  one,  or  both 
sides  of  it.  This  shows  very  conclusively  the  border  character 
of  the  tingu^ite  and  the  intrusive  character  of  the  syenitic  dikes. 
The  southern  edge  of  the  main  igneous  mass  consists  prin- 
cipally of  an  eleolite  syenite  dike  rock  which  in  some  places- 
passes  into  an  eleolite  tingu^ite.  The  eleolite  syenite  dike  rock 
,  has  been  opened  at  the  point  marked  ''  Diamond  Jo  Quarry ''  ^ 
and  has  proved  itself  to  be  a  superior  building  stone  both  in  ap- 
pearance and  durability.  It  is,  on  the  southern  side  of  the  open- 
ings in  direct  contact  with  the  sedimentary  rock  which  it  haa. 
metamorphosed  for  a  distance  of  several  feet  from  the  line  (See 
chap.  Vm.  I.).  The  contact  is  shown  in  plate  18  (Chap^ 
yill.  I.)  and  a  general  view  of  the  quarry  is  obtained  from  plate 
16.  In  the  latter  picture  the  peculiar  weathering  of  the  eleolite- 
syenite  into  boulders  which  lie  buried  only  a  short  distance 
below  the  surface  is  shown  by  the  line  of  such  boulders  on  top  oP 
the  main  body  of  the  rock.  The  rock  of  the  quarry  which,  by 
the  way,  like  all  the  other  syenites  of  Arkansas  is  called  granite,, 
shows  numerous  variations  in  structure  and  size  of  grain.  It 
takes  a  beautiful  polish  and  is  a  most  ornamental  and  desirable- 
stone  for  interior  workf.    In  regard  to  its  mineral  constitution. 

*  Thit  quarry  wm  owned  by  tbe  Ute  Mr.  Jo  Reynolds  of  Cliicigo,  III.  and  wu  par-> 
chaacd  by  him  In  order  to  lopply  the  Hot  Spring*  Railroad,  of  which  be  wai  the  prinoipak 
Dwner,  with  a  good  material  for  bridge  piers,  arches  and  baildings. 

t  See  the  frontispiece  (plate  1)  in  which  a  polished  surface  of  this  stone  is  reprodaoed^ 
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and  structure  the  reader  is  referred  to  the  petrographioal  de-' 
scriptioD  of  the  eleolite  syenite  dike**  rqAi  fI)iaA(Ad  Jo  type) 


(Chap.  VII.  II.  B.  1).  -'f 

At  a  point  just  west  of  the  quarry  a  large  rock  was  found 
which  shows  very  well  the  intimate  relations  existing  between 
the  eleolite  rook  of  the  quarry  and  the  leuoite  rock  just  north  of 
it.  This  mass  of  rock  consists  principally  of  leucite  syenite  dike 
rock  and  between  the  masses  of  that  material  the  eleolite  syenite 
dike  rock  forms  a  cementing  mass  showing  a  sort  of  fluidal 
structure  in  some  places  and  at  other  points  forms  a  ooaree 
crystalline  mass,  without  any  indication  of  a  magmatic  flow  and 
much  resembles  the  rock  from  the  quarry.  It  is  evident  from 
the  indistinct  lines  of  separation  and  the  mutual  interpenetra- 
tion  of  the  two  rocks  that  they  were  formed  from  the  same 
magma  by  different  conditions  of  crystallization  and  not  by  the 
subsequent  eruption  of  the  eleolite  rock  and  consequent  re- 
smelting  of  a  previously  formed  leucite  rock.  The  accompany- 
ing sketch  of  this  rock  (Fig.  10)  was  drawn  from  a  large  photo- 
graph which  was  not  suitable  for  direct  reproduction. 


/'/.IV.^-.- 


'^ff*if( 


Fig.  10.    £leolUe  and  ImeiU  dike  roek  near  J)iamond  Jo  quarry.    Scftle— 1 :  10. 
A.   Leodte  syenite  dike  rook.  B,    Eleolite  ejenite  dike  rock. 

On  the  road  from  Cove  Creek  station  to  the  top  of  the  ridge 
near  the  house  marked  B.  F.  Orr  No.  1,  the  recurrence  of  the 
various  bands  of  igneous  and  sedimentary  rock  may  be  studied 
in  detail  to  advantage.  A  narrow  band  of  eleolitic  rock 
crosses  the  road  just  south  of  the  house  marked  J.  H.  Lecroy 
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No.  ly  (Chap.  XIII.,  dike  134)  and  is,  possibly,  the  western 
prolongation  of  the  dike  which  lies  south  of  the  Diamond  Jo 
qaarrj,  although  it  does  not  resemble  it  in  stractnre.  This  dike 
is  much  more  tingnaitic  or  lamprophyric  in  its  character  than 
the  coarse-grained  sjenitic  dike.  There  are  two  dikes  of  this 
character  not  far  apart  but  north  of  them  and  to  the  point  where 
the  main  mass  of  syenite  is  reached  an  arenaceous  shale  consti- 
tutes the  hillside.  The  main  mass  of  igneous  rock  begins  with  a 
leucite  syenite  dike  rock  instead  of  with  an  eleolite  rock,  as 
might  be  anticipated  from  what  has  been  observed  at  the 
Diamond  Jx)  quarry,  and  the  road  is  then  crossed  by  two  bands 
of  sedimentary  rock  as  already  mentioned  (page  174).  These 
are  separated  by  a  black,  dense  eleolite  syenite  and  above  them 
an  eleolite  syenite  occurs.  Next  to  this  is  a  band  or  mass  of  mon- 
chiquite  (fourchite),  then  more  leucite  syenite  dike  rock  appears 
and  a  second  band  of  fourchite  crosses  the  road.  The  leucite 
syenite  dike  containing  the  large  crystals  which  has  been  pre- 
viously mentioned  as  appearing  in  front  of  B.  F.  Orr's  house. 
No.  1,  crosses  the  road  next  above  these  and  on  both  sides  of  it 
are  found  narrow  bands  of  green  leucite  tinguiite.  Beyond  this 
the  road  descends  into  a  slight  depression,  where  is  situated  a 
train  of  loose  boulders  of  fourchite;  beyond  this  the  road  forks, 
one  branch  of  it  running  along  the  ridge  to  the  east  and  the 
other  branch  crossing  over  into  the  Cove.  The  latter  passes 
first  over  hornstone  in  which  there  are  evidently  numerous  dikes 
of  both  eleolite  tinguaite  and  members  of  the  fourchite  group  as 
is  shown  by  the  loose  boulders  of  these  rocks  scattered  every- 
where among  the  fragments  of  hornstone.  Near  the  junction  of 
the  road  running  from  J.  Neusch's  house  toward  the  north  there 
is  considerable  fourchite,  but  it  is  probable  that  it  does  not  form 
as  large  a  mass  as  its  boulders  would  suggest  or  as  is  indicated 
upon  the  map.  Just  before  coming  to  the  band  of  light  colored, 
speckled,  metamorphosed  rock,  a  dike  of  the  eleolite  tinguaite 
with  the  large  feldspars,  similar  to  those  already  mentioned  (p. 
178),  occurs.  Beyond  this  the  road  crosses  the  light  colored, 
speckled  and  banded  rock  and  then  passes  to  the  eleolite  garnet 
syenite  (ridge  type)  as  already  described. 
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The  minate  desoription  of  the  seqaenoe  of  the  rocks  ob- 
served in  this  road  has  been  given  as  a  specimen  of  the  confnsing 
way  in  which  the  rocks  sacceed  one  another  and  in  order  to  give 
some  idea  of  the  di£Bcalty  of  tracing  out  the  various  kinds  of 
rock  where  they  are  not  exposed  in  a  road  but  are  concealed  by 
soil  and  vegetation. 

On  the  continuation  of  the  ridge  of  the  hill  to  the  northwest 
of  the  area  covered  by  fourchite  (center  line  between  S.  E.  and 
S.  W.  quarters  of  section  19)  several  dikes  or  masses  of  black 
-eleolite  tingu4ite  appear  which  are  very  well  characterized  and 
resemble  that  found  lower  down  on  the  west  side  of  the  same 
hill  and  already  described  (page  178). 

With  this  description  the  *' magic  circle''  about  Magnet 
Cove  is  completed  and  while  only  in  one  or  two  cases  has  a  de- 
tailed desoription  of  the  occurrence  of  the  rock  been  entered 
intO|  it  is  hoped  sufficient  has  been  said  to  make  intelligible 
Jthe  petrographic  description  of  the  rocks  themselves  which 
follows  in  the  next  chapter. 

In  describing  those  dike  rocks  shown  on  the  Magnet  Cove 
map  as  lying  outside  of  the  Cove  ring  it  has  been  thought  best  to 
arrange  them  in  the  form  of  a  table  and  not  to  attempt  any  de- 
filed description  of  them  in  this  place.  The  numbers  in  the 
table  refer  to  the  numbers  on  the  map  and  are  used  for  the  most 
part  only  for  those  dikes  which  can  be  represented  solely  by 
lines  and  whose  character  cannot  be  determined  from  the  color- 
ing of  the  map.     (See  Chapter  XIIL). 

Some  of  the  tiuguaite  dikes  lying  outside  of  the  Cove  need| 
howeveri  a  few  words  relative  to  their  occurrence  in  general  and 
as  this  matter  cannot  be  given  in  the  table  it  is  added  here. 
In  some  cases  these  dikes  are  not  noted  in  the  table. 

The  leucite  tingudite  dike  cutting  across  Cove  Creek  about 

three  hundred  feet  (91m)  below  the  railway  bridge  extends  to 

the  west  across  the  south  end  of  the  small  hill  shown  on  the  map. 

About  3(X)  feet  (91m)  further  west  it  is  lost  in  the  Pleistocene 

giavel. 

Another  dike  (Chap.  XIII.,  dike  48)  of  similar  material 
4)egins  one-third  of  a  mile  (536m)  further  south  and  makes  nearly 
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a  qaarter  of  a  circle  ending  at  the  foot  of  a  steep  ridge  covered 
with  novaoalite  debris  and  not  far  from  the  section  line  betweeiw 
sections  25  and  26.  (Dike  not  shown  on  tiie  Magnet  Cove  map^ 
See  map  I.) 

Again  west  of  Teager  Creek  about  a  quarter  of  a  mile- 
(400m)  west  of  the  curve  at  the  point  where  the  Hot  Springs, 
railroad  comes  nearest  to  the  east  and  west  line  of  sections  23 
and  26  a  similar  dike  (Chap.  XIII.,  dike  47)  appears  and  ex-- 
tends  to  the  north  until  it  intersects  the  Hot  Springs  railroad  at 
a  point  about  800  feet  (91m)  west  of  the  bridge  over  Teager 
Creek. 

The  rocks  of  these  dikes  are  of  a  greenish  color,  but  some  of 
them  show  a  denser  and  more  compact  structure  than  the  others^ 
In  that  portion  of  the  last  mentioned  dike  which  lies  nearest  to 
the  railway  many  large,  flat,  tabular  feldspar  crystals  occu^ 
which  in  their  crystal  form  resemble  sanidine  very  closely^ 
They  are  so  weathered  that  no  investigation  of  their  lustre,, 
optic  properties,  or  general  physical  characteristics  can  bft> 
made. 


CHAPTER  VII. 

MiNERALOGIC,    PeTBOOBAPHIO  AND    ChEMICAL    ChABAOTEB- 
I8TIC8  OF  THE  IgNEOUS  BoCK  FBOM  Ma(^NBT  CoVE. 


I.    Special  Petrograpbio  Literatare. 

IT.    Petrograpbio  Description  of  Feldspathio  Rocks. 

A.  Eleolite  Syenite. 

1.  Eleolite.  mica  syenite  (Gove  type). 

2.  Eleolite  garnet  syenite  (Ridge  type). 
8.    Miarolite  eleolite  syenite. 

B.  Eleolitic  Dike  Rooks. 

1.  Eleolite  syenite  dike  rocks  (Diamond  Jo  type). 

2.  Eleolite  eudialyte  syenite  (pegmatite). 

3.  Eleolite  Porphyry. 

4.  Eleolite  Tinguaite. 
0.    Leuoitic  Dike  Rooks. 

1.  Leucite  Syenite  dike  rock. 

2.  Leucite  Tingui^ite. 

a.  Border  type. 

b.  Dike  type. 

III.    Petrograpbio  Description  of  Aug! tic  Rocks. 
.  A.    Fourcbite  Group. 
B.    Monobiquite  Group. 


I.     SPECIAL   PETBOORAPHIC   LITEaATUBE. 

Magnet  Cove  baa  been  so  often  mentioned  in  connectioii. 
with  the  minerals  that  occur  there  that  it  is  remarkable  that 
more  attention  has  not  been  paid  to  the  petrography  of  the  rooks, 
in  which  and  through  whose  agency  these  minerals  have  been 
formed.  As  it  is,  the  few  articles  reviewed  in  Chapter  II.  are 
the  more  important  of  those  which  have  been  pnblished;  they^ 
are  the  only  ones  which  have  any  direct  bearing  on  this  subject.. 
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Some  of  these  papers  deserve  more  minate  attention  than  they 
there  received  and  consequently  this  section  has  been  devoted  to 
their  discussion. 

Feaiherstonhaugh. — From  Featherstonhaugh's  report*  it 
appears  that  he  grasped  the  relation  of  the  igneous  to  the  sedi- 
mentary rocks  in  so  far  as  their  relative  ages  are  concerned,  for 
he  says :  ''  From  a  careful  examination  of  the  different  portions 
of  this  most  interesting  cove,  I  came  to  the  conclusion  that  the 
whole  structure  of  this  elevatioui  as  far  as  its  exterior  as  well  as 
its  interior  slopes  were  conceruedi  was  an  old  greenstone  be- 
longing to  the  intrusive  rocks,  and  occupying,  for  a  limited 
space,  a  place  amidst  the  old  red  sandstone.  *  *  It  is  im- 
possible to  look  at  this  quasi-circular  brim  and  the  cove  below, 
and  take  into  consideration,  at  the  same  time,  all  the  minerals  " 
and  metals  found  there,  without  being  impressed  with  the  opinion 
that  it  is  the  result  of  a  very  remote  volcanic  action,  and  is, 
perhaps,  one  of  those  extremely  ancient  craters  that  may  have 
preceded  those  of  which  basalt  and  lava  are  the  products.''  Thus 
he  distinctly  speaks  of  the  rock  as  being  of  intrusive 
-origin,  but  seems  to  have  been  impressed  with  the  idea 
that  the  cove  is  an  extinct  crater.  In  speaking  of  the 
rocks  which  he  found  in  the  interior  of  the  cove  he  says 
"(p.  62) :  '^  In  various  parts  of  the  bottom,  I  found 
large  masses  of  decomposing  felspar,  studded  with  black 
tourmalines,  f  some  of  which  were  in  long  prisms,  whilst  others 
formed  a  stellated  figure  of  beautifully  delicate  acioular  rays. 
Some  of  the  feldspathic  rocks  were  filled  with  amorphous 
masses  of  white  sulphuret  of  iron,  believed  by  many  persons  to 
be  silver.  In  other  parts  of  the  cove  I  found  masses  of 
coarse  grained  syenite  consisting  of  red  felspar,  X  hornblende,  || 
mica,  and  some  quartz/'  §  He  then  describes  the  magnetic  iron 
ore  and  states  it  as  his  opinion  that  '^masses  of  the  metal  of 
prodigious  extent"  exist  below  the  surface. 

*  Geological  fteport  of  the  Elerated  Ooaatrj  bei.  the  MlMoarl  and  Bed  BiT«n»  p.  83% 

t  ETidentljr  the  large  aglrlte  or]r«tals  so  well  kooirn  Irom  this  locality. 

X  The  piok  eleolite  of  the  eleoUte  sjenite. 

I  .^^rite  imbedded  in  the  rook. 

§  Yellow  eleoUte  in  the  eleolite  syenite. 
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Powell. — In  a  foot  note  in  hie  work  on  Fourcbe  Cove  * 
W.  B.  Powell  writes  as  follows :  **  From  specimens  I  have 
seen  from  the  Saline^  Magnet  Cove  and  Little  Missouri  (and 
other  similar  locations  may  exist  unknown  to  the  scientific)  I  am 
justified  in  concluding  that  this  formation  (granite  and  its 
immediate  asf^ociates)  with  slight  variations^  continues  southwest, 
from  the  Fourche  Cove  a  hundred  or  so  miles/' 

Shepard. — The  mention  made  by  C.  U.  Shepard  of  eleolite  f 
and  endialytet  have  already  been  noted  under  the  general 
literature  and  are  important  as  being  the  first  recorded  identi-. 
fication  of  the  mineral  eleolite  and  therefore  the  first  suggestion, 
of  the  existence  of  an  eleolite  syenite  in  this  region. 

In  a  foot  note  to  the  earlier  of  these  two  articles  Shepard 
describes  from  Magnet  Cove  the  following  rock  which  he  re- 
ceived from  Rev.  E.  R.  Beadle  of  New  Orleans: — 

"  From  Magnet  Cove,  (Sec.  19,  3  &,  17  W.).  A  ryakolite- 
porphyry  with  a  dark  green  basis.  The  rock  contains  little 
specks  of  a  rich,  azure  blue  mineral,  which  I  am  unable  at 
present  to  determine.'' 

Owen. — In  his    report  upon  the  Geology   of  Arkansas  \[ 

D.  D.  Owen  describes  Magnet  Cove  in  detail.      He  gives  the 

following  list  of  minerals  found  there  : — 

"  Black  garnets,  crystallized.  Iron      pyrites,     crystallized     and. 

Green,   yellow   and    black     mica,  amorphous. 

crystallized.  Strontianite  ?  crystallized. 

Schlorlamite,  crystallized.  Arkansite,  crystallized. 

Quartz,  crystallized.  Elseolite,  crystallized. 

Liydianstone.  Actinolite,  crystallized. 

Agate.  Epidote,  crystallized. 

Pyroxene,  crystallized.  Arragonite,  crystallized. 

Hornblende,  crystallized.  Talc. 

Magnetic  iron  ore.  and,  no  doubt,  many  other  minerals  exist  not  yet 

enumerated." 

Under  the  head  of  ''most  prevalent  rocks''  he  mentions : — 
Kovaculite.  Milky  quartz.  Hornblende  rook. 

Qnartzite.  Chert.  "  porphyry. 

^  A  Q«ologlcftl  Report  upin  th«  Fourche  Oore,  etc.,  p.  6. 

t  Am.  Joar.  Sd.,  Series  2,  Vol.  II.,  1846,  p.  249. 

I  Am.  Joor.  ScL,  Series  2,  Vol.  XXXVII.,  1864,  p.  405. 

I  Second  Report  of  a  Geological  Reoonoolssance  of  Arkansas,  etc.,  p.  80-31. 
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Sienite.  BuriBtone.  Hornblende  slate. 

*Oranite.  Kisaelflchiefer.  Schoriamite  rook. 

He  mentions  the  magnetio  iron  ore  and  the  extremely  pare 
form  of  titanic  oxide  which  is  known  as  brookite  or  arkansite. 

Again,  on  pages  104  and  105  Owen  refers  to  Magnet  Cove 
«nd  describes  the  magnetic  iron  ore  more  in  detail  and  gives 
a  chemical  analysis  of  it.  (See  chap.  VII.  ii.  A.  1).  In  regard 
to  its  occurrence  he  says :  "  The  lapping  of  the  arable  land  on 
the  margin  of  the  magnetic  iron  ore  conceals  its  relation  to  the 
•adjacent  rocks ;  but  from  the  minerals  ploughed  up  in  the  fields 
on  the  south  and  southeast,  the  magnetic  iron  ore  seems  to  be 
surronndedi  in  part  at  least,  with  mica  slates.  Along  with  the 
large  flikes  of  this  mineral,  brought  to  the  surface  by  the  plough, 
-are  beautiful  crystals  of  augite,  and  black  garnets.  Adjoining 
the  flucan  of  mica  is  a  schoriamite  granite.''    :|e    :|e     :ic 

''A  short  distance  on  the  west  side  of  Cove  Creek,  on  the 
west  part  of  section  19,  a  heavy  vein  of  calc  spar  forms  a  low 
ridge,  twenty  or  twenty-five  feet  in  height.  This  calc  spar  can 
be  traced. 400  yards ;  and  adjoining  it,  especially  on  the  west,  a 
.^reat  variety  of  minerals  can  be  found,  amongst  which  the  ores 
of  Titanium  are  the  most  interesting.  Still  further  to  the  west 
and  south,  different  varieties  of  granitic  and  augitic  rocks  prevail, 
^succeeded  on  the  northwest  by  the  so-called  'Mountain  rock' 
passiog  into  quartz! te  and  novaculite." 

Faster. — In  1869  J.  W.  Foster  published  a  book  on  the 
physical  geography  of  the  Mississippi  Valley,^  in  which  he 
mentions  the  rock  of  Magnet  Cove  in  a  general  way.  f  On  page 
256  he  states  under  the  heading  of  The  Lake  Superior  System" 
the  following  theory:  ''At  that  time,  the  AUeghanies  and 
Bocky  Mountains  had  not  assumed  their  form  and  direction,  and 
the  only  objects  which  rose  above  the  barren  waste  of  waters  to 
break  the  monotony  of  the  scene,  were  a  few  isolated  islands, 

*  The  MlaslBsippi  Valley:  ito  Phjsioal  Qeogrmphy,  inclading  aketcbes  of  the  toiMH 
gnphj,  boUuif,  dlmmte,  geology,  and  mineral  reaonroee;  etc.,  by  J.  W.  Foeter,  LL.  D.. 
Chicago  (S.  C.  Orlggt  and  Company),  1869. 

t  Thlfl  and  the  mention  of  the  "isolated  patches"  of  "oryBtalHoe  rocks*'  of  Fourche 
Core  in  the  same  Tolame  should  have  been  noticed  in  Ohapter  II.  on  general  literature,  but 
Foster's  work  was  not  seen  by  the  writer  until  after  that  ohapter  had  passed  through  th« 
4>ress. 
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like  the  Iron-Moantain  region  of  Missoari,  Magnet  Cove  of 
Arkansas,  and  perhaps  the  Washita  Mountains  of  Texas,  the 
Black  hills  of  Nebraska,  and  the  Central  Plateau  of  Colorado. 
No  form  of  vegetable  life,  at  that  time,  clothed  the  slopes  of  the 
iiills,  no  forms  of  animal  life  roamed  through  the  valleys,  and 
even  the  waters  were  tenantless.  It  was  emphatically  a  petrified 
•continent,  rigid  and  stony/' 

In  a  foot-note  to  this  statement  Foster  writes :  "  This 
generalization  was  made  by  the  writer  (Foster)  as  far  back 
•as  1851,  and  was  communicated  to  the  American  Associa- 
tion for  the  Advancement  of  Science,  at  the  Cincinnati 
Meeting  of  that  year."  * 

On  page  265,  under  the  head  of  '^Azoic  System"  Foster 
"States :  '^  In  Missouri  and  Arkansas  there  are  isolated 
patches  of  these  rocks,  which  appear  to  have  been  islands  in 
the  old  Silurian  sea,  and  it  would  seem  that  portions  of  the 
region  occupied  by  the  Rocky  Mountains  served  as  the  floor 
of  the  Azoic  ocean,  on  which  the  purely  sedimentary 
deposits  were  formed."     *    *    * 

Kunz. — In  1885  Geo.  F.  Kunz  read  a  paper  before  the 
American  Association  for  the  Advancement  of  Science  at 
the  Ann  Arbor  Meeting  f  on  '*A  Pseudomorph  of  Feldspar 
«fter  Leucite  (?)  from  Magnet  Cove,  Arkansas/'  in  which  he 
describes  the  mineral  and  gives  the  results  of  a  chemical 
analysis  by  Dr.  F.  A.  Genth  and  of  a  microscopic  examina- 
tion by  Dr.  G.  P.  Merrill.  These  examinations  will  be  re- 
ferred to  again,  but  the  point  which  is  of  importance  here  is 
the  inference  which  Eunz  draws  from  the  occurrence   of 

*  Foster  downot  seem  to  hmve  Included  the  Msgnet  Goto  rocks  io  bis  earlier  state- 
ueots  for  in  an  abstract  of  an  article  by  J.  W.  Foster  and  J.  D.  Whitoej  entitled  **  On  the 
Asoic  System,  as  doTeloped  in  tbe  Lake  Superior  Land  District"  (Proc.  A.  A.  A.  S.,  Fifth 
Meeting,  1801,  p.  7)  the  following  seoteDoe  appears :  "  From  the  detailed  eiplorations  of  Bir . 
t^h.  F.  Mersch,  communioated  to  them,  (Fo«ter  and  Wbitoej)  and  which  they  proposed  soon 
to  publish,  there  ooald  be  no  doabt  that  the  Missouri  Iron  region  belonged  to  the  same  system 
of  nphesTal  (as  the  Lake  Superior  region),  and  occupied  the  same  relation  to  the  Silurian 
System."  In  this  article  Foster  makes  no  note  of  aoy  Asoic  region  south  of  the  Missouri  iron 
vcgion. 

tMineralogioal  notes  by  Geo.  F.  Kunz.,  Proc.  A.  A.  A.  S.,  Vol.  XXXIV.,  Ann  Arbor 
-Meeting,  1885.    Salem,  Mass.,  1836,  p.  248.    Also  in  the  Am.  Jour.  Sci.,  Series  8,  Vol.  XXXI. 
1886,  p.  74. 
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these  pseudomorphB.  He  says:  '^ Heretofore  leucite  haa 
never  been  observed  in  this  locality,  but  if  this  proves  to  be  an 
alteration  from  that  mineral,  leacite  may  yet  be  found  in  ita 
unaltered  form  and  in  considerable  quantity,  judging  from 
the  abundance  of  pseudomorphs  forthcoming/'  This  is  the 
first  suggestion  that  was  made  of  the  possible  occurence  of  a 
leucitic  rock  at  Magnet  Cove,  but  shortly  after,  in  the  year 
1887,  Bosenbusch  published  the  statement  already  quoted 
(page  17)  in  which  he  suggests  the  probability  that  the  leucitic 
rock  is  connected  with  the  eleolite  syenite  which  occurs  in 
that  region. 

(hmstock. — Few  statements  are  made  by  T.  B.  Comstock^ 
regarding  the  igneous  rocks  of  the  Cove,  but  he  mentions 
many  minerals  in  the  text  and  gives  a  list  at  the  end  of  the 
volume  in  which  the  occurrence  of  a  large  number  of 
minerals  in  this  region  is  recorded. 

II.      PETROOl^PHIC   DESCRIPTION  OF  FELDSPATHIC  BOOKS. 

A.    Eleolite  Syenite. 
1,     Eleolite  Mica  Syenite  (Cove  type).^ 

This  rock  in  a  fresh  condition  seldom  occurs  over  a  large 
area,  but  it  is  almost  invariably  partially  or  completely  de- 
composed. In  a  few  places,  however,  where  it  has  been  some^ 
what  protected  by  the  overlying  deposits  and  where  it  is  not  as 
coarsely  crystalline  as  usual  it  has  preserved  its  structure  and 
forms  a  beautiful  example  of  a  syenite  in  which  eleolite  has 
almost  completely  replaced  the  orthoclase. 

It  is  a  very  coarsely  crystalline  rock  in  which  the  individual 
minerals  often  reach  many  centimeters  in  size.  Thus  for  ex- 
ample weathered  specimens  of  biotite  (protovermioulite)  have 
been  found  which  are  20  to  30cm  (8  to  12  inches)  in  diameter  and 
8  to  10cm  (3  to  4  inches)  in  thickness.  Eleolite,  sohorlomite 
and  apatite  crystals  which  correspond  in  size  to  the  pf'otovermic- 
nlite  also  occur  imbedded  in  the  decomposed  rock. 

The  rock  is  a  hypidiomorphic  granular  mixture  of  eIeolite» 

•  Annaal  Report  of  tiie  Geologloal  BorToy  of  ArkmiiMB  for  1887,  Vol.  I.,  pp.  81  and  82« 
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garnet  (schorlomite  and  melanite),  pyroxene  and  biotite^  ^ith 
large  qaantities  of  apatite,  magnetite,  titanite  and  ilmenite«  It 
has  a  general  pinkish  oolor  with  dark  colored  spots  whioh  have 
a  greenish  hne  dae  to  the  pyroxene  and  slightly  decomposed 
biotite.  As  has  already  been  stated  the  grain  of  the  rock  varies 
very  mnchi  ranging  from  exceedingly  coarse  to.  comparatively 
fine,  but  the  rock  is  in  each  case  characterized  by  the  presence  of 
eleolite  and  biotite  and  by  the  almost  complete  absence  of 
feldspar. 

In  regard  to  the  microscopic  strncture  there  is  little  to  be 
said  for  in  most  cases  the  rock  is  too  decomposed  to  allow  of 
sections  being  made.  Sections  have,  however,  been  out  from  the 
finer  grained,  dike-like  masses  in  which  the  physiography  of  the 
individual  minerals  could  be  studied. 

Eleolite  occurs  in  large  allotriomorphic  masses  which  only 
rarely  show  any  indication  of  a  crystalline  form.  It  varies  from 
a  flesh-red  to  an  oily  yellow  or  brown  and  not  infrequently 
assumes  a  decidedly  gray  color.  It  has  the  characteristic  oily 
lustre  from  which  the  mineral  derived  its  name  and  shows  the 
usual  want  of  distinct  cleavage. 

Microscopically  the  eleolite  is  seen  to  be,  in  most  cases,, 
bounded  by  the  older  constituents  of  the  rock  but  in  a  few  cases 
it  is  idiomorphic  and  appears  as  short  hexagonal  prisms.  It. 
weathers  easily;  in  fact  decomposition  has  in  most  cases  gone  so 
far  that  it  is  extremely  difficult  to  obtain  a  section  of  the  rock 
at  all. 

The  eleolite,  like  many  of  the  other  constituents  of  this- 
rook,  occurs  in  loose  masses  in  the  soil.  Occasionally  rounded 
pieces  several  centimeters  in  diameter  have  been  found.  The6& 
masses  are  usually  of  a  pink  or  gray  color  and  are  translucent  to 
semi-transparent.  They  are  known  as  sun-atonea  and  have  been 
cut  for  ornaments. 

Eleolite  was  observed  at  an  early  date  at  Magnet  Cove  but 
all  the  earlier  writers  called  it  red  feldspar*  and  it  was  not 
until  C.  U.  Bhepard  saw  a  specimen  of  it  that  it  was  called  by  its 
right  name.    Shepard  in  a  foot  note  to  his  article  on  the  new 

*  Sm  Feathtntonluiigh'*  and  other  reports. 
14  Qeoloiieia;  Vol.  iL,  lUO. 
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mioerals  from  Magnet  Cove^  makes  the  following  statement: 
^'  The  elaeolite  with  which  this  (schorlomite)  and  the  foregoing 
species  (ozarkite  and  arkansite)  are  found,  and  which  had  been 
called  a  compact  red  feldspar,  is  a  remarkably  well  characterized 
variety;  is  perfectly  fresh  and  unaltered,  forming  a  grayish 
flesh-red,  oily,  translucent  mineral.  Its  sp.  gr.=2.60.  H.=6.0. 
It  is  fusible  into  a  colorless  glass  and  in  a  state  of  powder  at 
once  forms  with  warm  nitric  acid,  a  flesh-colored  jelly. '' 

In  1853  J.  Lawrence  Smith  analyzed  the  eleolite  from 
Magnet  Cove  and  it  is  probable  that  his  material  was  obtained 
from  the  eleolite  mica  syenite.  Smith  described  the  mineral  in 
bis  articlef  as  having  a  hardness  of  6.0;  specific  gravity,  2.65 ; 
color,  flesh-red ;  lustre,  greasy ;  structure,  massive.  The  chem- 
ical composition  is  expressed  by  the  following  analysis : — 

Analysis  of  eleolite  {Smith  and  Brush.) 

SIO, 44.46 

AljO, 80.97 

FcjOs  andFeO 2.09 

CaO 0.66 

K,0 6.91 

Na,0 16  61 

Ignition 0.95 

Total 100.65 

Smith  states  that  the  mineral  examined  was  furnished  by 
Mr.  Markoe,  of  Washington,  and  was  the  specimen  from  which 
the  ozarkite,  analyzed  and  described  in  a  previous  paper|,  was 
obtained. 

Orthoclase  occurs  in  much  decomposed  crystals  of  which  it 
has  been  impossible  to  study  the  microscopic  structure.  They 
«re  often  5  or  6mm  in  diameter  but  are  not  frequent  in  the  rock. 
They  are  older  than  the  eleolite  and  are  idiomorphic  as  regards  it. 
Biotite  appears  under  the  microscope  in  large  sections  and 
is  of  a  very  light  reddish  or  brownish  yellow  color  when  seen  in 
non-polarized,  transmitted  light.  The  color  is  not  uniformly 
distributed  over  the  whole  crystal  but  appears  in  spots  and 

*  Am.  Jour.  8ci.  Serlet  2,  Vol.  II.,  1846,  p.  258. 

t  3e-exftmlnatlon  of   Americftu    Minerals,    Part  III.,  by  J.  L.  Smith,  M.  D,,  aii4 
Oeoxie  J.  Brush,  Ph.  B.     Am.  Jour.  Scl .  Ssrles  2,  Vol.  XVI.,  1808,  p.  871. 

X  Re-  ezsminstion,  etc  ,  Part  II.    Am.  Jour.  Scl.  Series  2,  Vol.  XVI.,  16SS,  p.  00. 
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^lotohesy  a  peculiarity  probably  due  to  the  beginning  of  de- 
composition. The  mineral  is  qnite  pleochroitic  with  a  variation 
in  oolor  between  light  yellow  and  reddish  brown ;  the  darker 
■oolor  being  present,  as  usaal,  when  the  cleavage  cracks  of  the 
biotite  are  parallel  to  the  longer  diagonal  of  the  lower  nicol.  In 
•convergent  polarijsed  light  a  black  cross  appears  in  sections 
which  are  approximately  parallel  to  the  cleavage-planes  and  in 
most  cases  the  cross  remains  closed  during  a  complete  revolution 
•of  the  stage.  In  some  instances  it  opens  slightly,  but  in  no  case 
has  an  angle  of  more  than  2^  or  3^  been  observed  between  the 
iiyperbolas. 

These  characteristics,  when  taken  in  connection  with  Dr. 
Eonig's  analysis  of  protovermiculite*  which  is  formed  by  the 
•more  complete  alteration  of  this  mica,  indicate  that  the  mica  was 
originally  biotite.  This  may  be  more  clearly  seen  from  the  fol- 
lowing considerations  :  if  Eonig's  analysis  be  recalculated  sub- 
stituting for  some  of  the  water  the  potassium  which  it  has  re- 
placed and  rejecting  the  test  of  the  water  the  following  figures 

result : — 

Analyses  of  fresh  and  decomposed  biotite. 


CONSriTUENTS. 


I. 


11. 


III. 


ProtoTermlc- 

ulite, 
Mmgnet  Core. 


No.  1.  recal- 
culated. 


Bioiite, 
Mt.  VeauriuB. 


SiOa 

AlaOs , 

FeaOt 

FeO 

MgO « 

C»0 

K,0 

HjO  (CTfBt  ) 

fltO  (hydr.) 

Total 


88.28 

14.88 

6.86 

0.57 

21.52 


8.86 

20.64 

100.51 


89.80 

17.80 

7.60 

0.70 

25.74 


8.86 


100.00 


39.75 

15.99 

8.29 


24.49 
0.87 
8,78 
0.75 


98.92t 


•  Proe.  Aoad.  Nat.  Sd.  Philadelphia,  1877,  p.  277 ;  also  Am.  Jonr.  Soi.  Series  8,  Vol. 
XVI.  1878,  p.  152. 

f  Id  this  aoaljrsls  at  quoted  hj  Dana  (1.  c.)  0.10  gangue  is  noted  and  the  total  of  the 
analysis  is  glTen  as  98.62  while  it  should  be  99.02  if  the  oonstftuents  are  all  borrecf  Ij  qooted. 
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I.  Protovermieollte  Magnet  Covo,  analyzed  by  -Kiinig  (loe.  cit.)^ 

II.  Protovenniculite  recaloalated  aa  described  above. 

III.  Blotite,  Mt.  Veeuvlus,  analyzed  by  Bromels.  (Pogg.  An- 
nalen,  Band  LV.,  p.  112.  Cited  from  Dana's  System  of  Mineralogy,  1868,. 
p.  805). 

It  is  evident  from  the  above  analyses  that  the  composition 
of  the  protovermiculite  becomes  that  of  a  normal  biotite  when 
.  these  recalculations  are  made,  as  is  shown  by  comparing  it  with 
an  analysis  of  biotite  from  Mt.  Vesuvius. 

The  biotite  in  the  solid  rock  is  usually  found  to  be  altered 
about  the  edges  and  to  have  become  greenish  in  color.  Such  a 
change  of  color  without  any  alteration  in  the  optic  properties 
is  mentioned  by  Rosenbusch.*  It  is  seldom  that  the  crystals 
show  sharp  edges  but  they  are  usually  frayed  out  and  broken. 

Oamet  appears  in  this  rock  in  two  varieties.  The  older  of 
these  consists  of  small  idiomorphic  crystals  which  under  the 
microscope  show  a  zonal  structure  the  character  of  which  is  ver^ 
distinctly  brought  out  by  the  strong  contrast  between  the  reddish 
brown  centers  and  the  light  yellow  exterior  bands.  These  alter^ 
nations  of  color  often  rt  cur  several  times  in  one  crystal  and  hence- 
it  is  seen  to  be  made  up  of  concentric  bands.  These  crystals  are 
melanite  in  which  varying  amounts  of  iron  and  titanium  have 
caused  a  variation  in  color.  They  include  apatite  and  biotite,. 
but  are  idiomorphically  bounded  when  they  come  in  contact 
with  the  diopside  and  eleolite.  Like  all  the  garnets  observed  ia 
these  rocks  they  show  no  optic  anomalies. 

The  garnets  of  the  ycuoger  generation  are  entirely  without 
crystal  form  and  are  bounded  by  the  eleolite  as  well  as  the  di-^ 
opside  and  biotite.  They  are  of  a  very  dark  browu  color  and 
are  filled  with  inclusions  of  all  the  other  minerals.  They  are 
perfectly  homogeneous  and  show  no  zonal  structure  like  the  pre^ 
ceding  variety.  From  their  deep  brown  color  and  their  want  of 
crystal  form  it  seems  probable  that  they  are  richer  in  titaniuia 
and  iron  than  the  melanite  and  belong  to  the  variety  schorlomite« 
They  fill  in  the  spaces  between  the  other  minerals  and  it  is  not 
unoommon  to  find  them  in  direct  contact  with  the  melanitCi  ap«- 
parently  forming  a  continuation  of  it. 

*  Phydognphte,  Vol.  L,  p.  4M, 
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8ohf}rhmUe  occors  prinotpally  in  the  large  rounded  masses 
associated  with  protovermicnlitei  magnetite  and  other  minerals 
from  this  rook.  It  is  probable  that  these  masses  of  schorlomite 
bad  their  origin  in  the  igneous  rock,  but  it  is  possible  that  they 
are  metamorphio  minerals  formed  by  the  contact  of  the  igneous 
rock  with  the  calcite  which  occurs  in  this  region.  (See  chap. 
VIII.  II.  B.) 

Schorlomite  forms  rounded  masses  of  a  bluish  black 
colpr  and  is  characterized  by  its  want  of  crystal  form  and 
the  pavonine  tints  which  are  generally  present  on  its  surface. 
It  has  probably  never  been  found  in  crystals,  although 
Shepard  (see  below)  supposed  that  be  had  seen  such.  Zonal 
structure  and  concentric  shells  of  different  colors  or  shades 
are  often  observed.  The  rounded  masses  are  usually 
penetrated  by  apatite  prisms  and  occasionally  a  fragment  of 
a  mica  crystal  is  imbedded  in  one  of  them.  It  resembles 
very  closely  the  darker  varieties  of  melanite  which  occur  in 
this  region,  but  is  distinguished  from  that  mineral  by  its 
bluish  black  color  and  iridescence. 

The  mineral  was  first  described  in  1846  by  C.  (7. 
Shepard  *  who  named  it  schorlomite  from  its  resemblance  to 
schorl  or  black  tourmaline.  Shepard  found  some  small 
crystals  which  he  considered  identical  with  the  massive 
material  which  he  had  had  tested  chemically  and  he  there- 
fore describes. schorlomite  as  follows : — 

'^  Primary  form.    Rhomboid.    Dimensions  unknown. 

'^  Secondary  form.  Hexagonal  prism,  with  lateral  edges 
truncated  by  narrow  and  brilliant  planes.  Cleavage  indistinct. 
Fracture  conchoidal.  Surface  of  the  broader  planes  rather 
dull,  of  the  narrower  ones  smooth  and  brilliant.  Lustre  vit- 
reous. Color  black.  Btreak  grayish  black,  with  a  tinge  of 
lavender-blue.  Tarnished  with  blue  and  pavonine  tints,  thus 
i^using  it  to  resemble  specular  iron,  (for  which  substance  it 
has  been  mistaken.)  It  also  resembles  some  varieties  of 
bluish  black,  massive,  or  imperfectly  crystallized,  tourmaline. 

"  Hardness=7.0  to  7.5.    Specific  gravity=3.862." 

*  Oo  Three  New  Mineral  Hpeoies  from  ArkAosaB  and  the  discorery  of  the  Diamond  in 
Korth  Carolina  by  a  U.  Shepard,  Am.  Joar.  8ci..  Series  2,  Val.  II.,  1846,  p.  248. 
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From  a  qnalitative  chemical  examinatioa  Shepard  con-- 
claded  that  the  mineral  contained  "silica,  yttria,  thorina  (?)^ 
oxide  of  iron  and  water,  and  no  oxide  of  ceriam  or 
lantbanam/'  He  suggests  that  the  mineral  approaches  in 
some  of  its  properties  allanite  and  gadolioite  bat  is  suffi- 
ciently different  to  deserve  a  new  name.  Shepard  states, 
that  the  mineral  occurs  in  a  specimen  containing  ozarkite 
and  that  the  crystals  are  yery  minute,  but  that  large,  rough 
pieces  of  it  occur  with  the  large  eleolite  masses  and  that  the* 
former  are  often  penetrated  by  the  gangue  until  in  some 
cases  less  than  half  the  crystal  consists  of  the  pure  mineraL 

In  1849  two  papers  appeared  independently,  both  show- 
ing that  Shepard's  idea  of  the  chemical  constitution  of  the; 
mineral  was  incorrect.  C.  Bammelsberg's  paper  was  en- 
titled '*  Ueber  die  Zusammensetzung  des  Schorlamits  ^  einea 
neuen  titanhaltigen  Minerals.''  f 

He  reviews  Shepard's  description  of  the  mineral   and. 
then  gives  two  analyses  which  are  as  follows  : — 

Analyaea  of  whorlomite.    {Bamtnelsberg). 


Cov&mxjmMTB. 

A. 

b. 

0«0....................„..- ^....... « 

27.86  (+TiOa) 

10.82 

28.70 

82.01 

1.02 

26.09 
17.88 
22.88 
81.12 
1.65 

Total 

100.45 

96.86 

He  states  that  titanite  which  contains  this  quantity  of* 
titanium  only  contains  half  as  much  silica  and  a  quarter  aa 
much  lime. 

J.  D.  Whitney's  paper  was  entitled  *^  Examination  of 
three  new  mineralogical  species  proposed  by  Prof.  C.   U^. 

*  lUmmelsberg  cbaDged  the  tpalliog  from  Mhoilomitt  to  MhorUmitt,  probaUy  at  ftrai 
nnintentiooally.  Quenitedt  (Handboch  der  Mineralogie,  8  Auflage,  1877,  p.  440)  follovi  Ram-^ 
meliberg'sapelliag,  bnt  Nanmano-Zirktl  and  moat  other  Germao  and  Eogllah  authors  follow 
theipolllogof  Shepard. 

fPOgg.  Ann.  Band  LZXYII.,  1849,  p.  128. 
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Shepard.'^  *  Whitney  rem<irk8  that  there  are  evidently  two 
varietiee  of  schorlomite,  one  colophonite  and  the  other  an 
amorphouB  mineral.  He  gives  his  attention  especially  to 
the  latter  and  describes  it  as  follows : — 

"  Specific  gravity  3.807 ;  hardnebs  7.5. 

''  Black,  opaqne,  vitreons,  tarnishes  with  pavonic  tints; 
conchoidal  fracture.  '^  The  mineral  was  analyzed  by  him  in 
connection  with  Mr.  Crossley  with  the  following  results  :-^ 

Analffses  of  achorlomite.     {Whitney  and  OroBsley). 


OoirsTiTuxinra. 

a. 

b. 

0. 

27.89 
20.48 
21.90 
80.05 

20.08 
22.10 
21.08 
29.78 

25.14 

Fe.Oa  (MnO) ^^ 

rkO.....«» 

X  O  llUaa  •  •  •  •••••••«•  •  •  ••••  —     ••••••  *••  ••  •»•••••••• 

100.27 

99.12 

••••••••«•■•••• 

Whitney  states  that  he  does  not  believe  that  this 
mineral  is  schorlomite  and  suggests  for  it  the  name  ferro^ 
'  tUanile.  He  mentions  the  similarity  of  its  constitution  to 
that  of  titanite  and  of  lime-iron  garnet 

An  analysis  which  was  first  published  in  1850  in  the 
third  edition  of  Dana's  Descriptive  Mineralogy,  f  was  made 
by  Crossley  and  is  as  follows : — 

Analysis  of  si^iorlomiU*     ( Crossley). 

8iO,  (+TiO,) 26.86 

TiO, 21.56 

Pe,0, : 22.00 

CaO S0.72 

MgO 1.26 

MdO Traoe. 

Totol 101.89 

In  1851  Rammelbberg  published  a  second  paper  entitled 
*' Mineral  Analysen — Scfaorlamit — ''{  in  which  he  reviews  his 
first  paper  and  that  of  Whitney  and  gives  in  full  his  first  analyses 

*  Boeton  Joaraal  of  Nataral  History,  Vol.  VI.,  1849,  p.  42, 

t  DcacriptUe  Mineralogy  by  J.  D.  Dana,  Third  Edition,  1850,  p.  692. 

tPbgg.  Ann.  Baod  LXXXV.,  1852,  p.  800. 
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and  those  of  Whitney  and  Crossley.  He  had  in  his  first  analyses 
considered  all  the  iron  as  protoxide  while  Whitney  and  Crossley 
considered  it  all  sesqniozide.  Bammelsberg  made  a  new 
determination  by  smelting  the  mineral  with  borax  glass  jn  a 
Kslosed  vessel  with  gold  chloride.  He  obtained  the  following 
results : — 

AncUysis  of  schorlomUe.     {RammeUberg). 

8IO,(dlf.) 25.24 

TiO, 22.84 

Fe,0, 20  11 

FeO 1.67 

CaO 29.88 

MgO 1.86 

ToUl... 100.00 

Speciflo  gravity,  8.827. 

He  then  obtained  approximately  the  same  formula  as  that  found 
by  Whitney. 

In  1861  Whitney  published  another  paper  entitled  ''Analy« 
ses  of  C.  XT.  Shepard's  new  minerals."^  In  this  he  gives  no  new 
analyses  and  simply  reiterates  the  statement  that  as  the  mineral 
which  he  analyzed  differs  so  greatly  from  that  described  by 
Bhepard  it  should  be  called  ferrotUaniie  and  that  the  name 
schorlomite  should  be  reserved  for  the  real  ^'hydrous  silicate  of 
yttria,  thorina  and  oxide  of  iron.'' 

Phillips  Mineralogy  of  1852t  under  the  heading  '^Schorl* 
omite — Ferrotitanite ;  Whitney/'  makes  the  following  statement: 
'^  This  mineral  differs  much  in  external  characters  and  in  chem- 
ical composition  from  the  mineral  described  by  Prof.  Shepard 
as  schorlomite." 

In  1877  Knopt  analyzed  the  schorlomite  from  Magnet  Cove 
with  the  following  results : 

Analysis  of  schorlomUe  {Knap). 

SiO, 26.10 

TIO, 20.62 

FeA 21.95 

CaO 29.85 

MgO 1.47 

Total 99.89 

oproo.  Boston  Soc.  of  Nat.  HUt,  Vol.  III.,  1851,  p.  96. 

t  Elemeotarj  lotrodactiio  to  Mineralogj  by  the  late  Wm.  PhilUpe~New  Edition  by 
H.  J.  Brooke  and  W.  H.  Miller;  London,  1862,  p.  297. 
t  Zelt.  far  KrysU,  Band  I.,  1877,  p.  68. 
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He  states  that  in  the  specimens  from  Magnet  Cove,  Ark., 
it  occurs  intergrown  with  melanite  and  can  easily  be  mistaken 
for  it. 

Rammelsberg  states  *  in  reference  to  Enop's  analysis  that 
it  is  very  similar  to  his  own  and  that  if  part  of  the  TiO,  is  con- 
sidered as  TigOa  an  atomic  relation  similar  to  that  of  garnet  is 
x)btained. 

It  is  evident  from  the  numerous  analyses  and  descriptions 
reviewed  above  that  a  great  difference  of  opinion  has  existed  in 
regard  to  the  composition  and  properties  of  schorlomite.  This 
is  in  a  great  measure  due  to  the  lack  of  similarity  in  the  material 
examined  by  the  various  authors.  Melanite  resembles  schorlom- 
ite  very  closely  and  is  frequently  intergrown  with  it  so  that  in 
'Bome  cases  a  mixture  of  these  two  minerals  and  in  other  cases 
the  pure  schorlomite  was  analyzed. 

It  is  evident,  however,  from  the  above  analyses  that  a  silicate 
^f  titanium,  iron  and  lime  having  approximately  the  garnet 
formula,  'ELi''{B^''')8\fiitj  exists  and  i^  found  in  considerable 
-^juaiitities  at  Magnet  Cove,  but  that  this  mineral  is  often  more 
-or  less  mixed  with  the  iron-lime  garnet,  melanite. 

Pyroxene  appears  under  the  microscope  as  the  light  greens 
almost  colorless,  .non-pleochroitic  variety  diopside  already  de- 
scribed in  several  instances.  In  this  rock  it  is  precisely  identical 
with  that  described  later  under  eleolite  garnet  syenite.  (See 
this  chapter,  ii.  A.  2). 

THtaniie  occurs  in  small  sulphur-yellow  crystals  which 
^seldom  exceed  two  or  three  millimeters  in  diameter.  'These 


Fig.  11.    TUaniiefrom  eleoiiU  miea  §ymUe  {Cave  tppe).     Scale— 30:1. 

«re  exceedingly  brilliant  and  have  a  very  sharply  defined  crystal 

^— ^^^^^^^^^— ^^-^^-^^— ^^ ,,  iBi^  ■  1^  ^^11  ■__  I  I  II      I— I-  II  ■ -r 

*  Handbttch  der  Mineralehemlei  1879,  ErgAnzangsheft  zur  zwelton  AnfUigei  1886,  p.  201. 
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form.  They  are  nearly  equally  developed  in  the  directions  of  the^ 
vertical  and  ortho-axes  but  are  somewhat  thinner  in  the- 
direction  of  the  clino-axis.  They  are  qaite  unlike  those  de- 
scribed by  Genth  from  the  eleolite  eudialyte  syenite  (See  this 
chapter,  IL  A.  4).  One  exceptionally  perfect  crystal  (Fig.  11) 
bounded  by  the  faces*  P^0P(001);  r=Pdb  (Oil);  n=f  P^  (123);: 
y=+Pc56  (101)  and  t=— 2P!i  (121)  gave  the  following  angles, 
when  measured  upon  a  reflection  goniometer  : — 

MeoBuremerUs  of  tUdniie  angles. 


Measured. 

Calcalated.. 

n  :  y  —  (125)  :  (101)  — 

88°  20* 

38°  16' 

n  :  t  —  (123;  :  (121)  — 

71   22 

71    20 

y  :  p  —  (101)  :  (001)   — 

59   56 

60  17 

r  i  y  —  (Oil)  :  (101)    — 

65   25 

65  30 

r  :  n  —  (Oil)  :  (12S)   — 

27   05 

27   14 

r  :t  —  (Oil)  :  (121)  — 

44    17 

•  •  •       •• • 

In  thin  sections  this  mineral  behaves  as  usual  and  requires, 
no  special  mention. 

Ilmenite  appears  with  jagged  and  irregular  contours  in  very 
large  crystals.  It  generally  shows  a  purplish  color  with  the* 
characteristic  bands  of  a  lighter  shade  running  through  it.  la 
these  rocks  it  seldom  shows  a  border  of  leuooxene  which  would 
naturally  be  expected  to  appear  strongly  marked  on  account  ot 
the  decomposition  which  has  oocurred. 

Magnetite  occurs  frequently  in  grains  and  in  crystals  but  i& 
much  more  plentiful  in  some  localities  than  in  others.  The 
occurrence  of  magnetite  in  the  form  of  lodeatone  has  alreadjr 
been  mentioned  and  the  connection  of  the  latter  with  the  mag- 
netite in  this  rock  has  been  explained  in  the  preoedinj;  chapter 
(p.  180).  The  lodestone  has  been  known  from  the  earliest  times 
and  was  mentioned  by  both  Schoolcraft  and  Bringier  and  it  ia 
from  this  mineral  that  the  locality  received  its  name  of  Magnet 
Cove.  It  has  been  mentioned  by  all  who  have  described  the* 
cove  and  many  of  the  writers  have  supposed  it  to  be  merely  the^ 
outcrop  of  an  enormous  subterranean  dep  )si^  of  iron  ore. 

•  The  pOBiiion  in  which  the  crysta!  is  placed  it  that  losgested  by  G.  Boae  aod  adopted 
by  Naumaon,  Bauer,  RoseobuMh,  etc.,  and  not  that  of  Dcfl-Ololzeaux  which  iff  folio ved  by 
Scbrauf ,  Dana,  etc. 
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Owen^  says  of  the  magnetite:  ^'  Oa  the  east  part  of  Section 
20,  there  is  a  great  bed  of  magnetic  iron  ore,  some  of  which 
exhibits  polarity.     It  is  not  exposed  in  a  high  hill  or  mountain^, 
as  in  Missouri,  bot  is  on  the  same  level  with  the  caltivated  fields, 
adjoining,  occupying  a  superficial  area  of  the  immediate  surface 
of  about  eight  acres ;  the  ground  over  this  area  being  exclusively* 
covered  with  fragments  and  blocks  of  magnetic  iron   ore  occas- 
ionally mixed  with  lodestone.     Beneath  the  surface   it   extends^ 
to  an  unknown  depth.    It  has  been  penetrated  from  four  to  five 
feet  without  finding  any  change  of  the  material,  except  that  the 
lodestones  seem  to  be  more  abundant  on  the  surface. 

*^  An  analysis  has  been  made-  of  the  magnetic  iron  ore- 
with  the  following  result : 

Analysia  of  lodeHone.     {Owen)^. 

Ftorozide  of  iron  (FeaOs)  t- -^  97-M 

Protoxide  of  iron  (FeO)  .................  ^...»  24.46 

Alamioft  ^Al^Oa)  ••••••••• ■•••••••..•.•...•••  0.45 

lUogaooN  (IfnO)^ ....m. 0.S0 

Lime,  magnesiA  and  loss. ^.  2.19 

Titanic  add  (TiOa)  .....M. .....—..•..•  1.20 

Moiatuze  (HaO) 1.00 

Inaolnble  matter.. S.20 

Total 100.00 

^'  The  lapping  of  the  arable  land  on  the  margin  of  the^ 
magnetic  iron  ore  conceals  its  relation  to  the  adjacent  rocks;, 
but  from  the  minerals  ploughed  up  in  the  fields  on  the  souths 
and  Boutheasty  the  magnetic  iron  ore  seems  to  be  surrounded^ 
in  part  at  least,  with  mica  slates.  Along  with  the  large 
flakes  of  this  mineral,  brought  to  the  surface  by  the  plough, 
are  beautiful  crystals  of  augite,  and  black  garnets. '' 

Comstock  I  suggests  that  the  magnetite  may  be  due  to* 
the  reduction  of  a  limonite  similar  to  that  occurring  nearly 
due  north  of  Magnet  Cove  at  Blocher. 

The  masses  of  lodestone  are  of  a  dull  black  or  brown 

*  Second  Report  of  a  Geological  B»coDnul88aooe  of  Arkansas,  etc.,  p.  104. 
t  The  syabols  and  heading  are  not  giren  in  the  original  analysis. 
X  Vol.  1.  of  the  Annual  Report  of  the  Geological  Sarrey  of  Arkansns  for  1887,  p.  82,  also* 
p.  268. 
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color  and  their  aarfacee  are  usaally  amootb  and  rounded  and 
not  infrequently  show  the  so-called  "blisters"  or  botryoidal 
protuberances.  These  resemble  externally  small  air  bubbles 
inclosed  within  the  mass,  but  they  are  solid  and  of  uniform 
substance  with  the  rest  of  the  mineral  and  were  formed 
hj  an  unequal  weathering  of  the  surface.  The  mineral 
has  a  conchoidul  fracture,  metallic  lustre  and  black  color. 
It  is  stron^z^ly  magnetic  and  in  most  cases  polarized.  In 
<8ome  specimens  the  magnetism  is  strong  enough  to  hold 
•up  four  shingle  nails  in  a  line. 

The  lodestone  appears  to  be  without  any  crystal  form  of  its 
own.  Specimens  of  lodestone  have  been  found  which  present 
isomewhat  the  appearance  of  pseudomorpha  after  pyrite  but  in 
DO  case  could  this  apparent  similarity  be  substantiated  by 
-crystallograpfaic  measurement. 

One  piece  of  lodestone  showed  a  psendomorphic  crystal 
Imbedded  on  one  side.  The  crystal  is  of  a  long  columar  form 
«nd  shows  distinct  though  imperfect  truncations  at  both  ends. 
The  prism  faces,  if  such  they  be,  make  an  angle  of  about  123^ 
with  each  other  and  show  the  existence  of  a  pinacoidal  face 
between  them.  The  crystal  is  40mm  long  and  presents  the  ap- 
pearance of  a  psendomorph  of  magnetite  after  hornblende. 

In  order  to  determine  whether  or  not  phosphorus  was 
present  in  considerable  quantities  in  the  lodestone  a  test  was 
made  by  the  chemist  of  the  Survey  upon  1.5  grams  of  the 
mineral.  No  precipitate  nor  even  coloration  with  ammonic 
molybdate  was  observed  and  it  may  therefore  be  assumed  that 
the  lodestone  is  free  from  phosphorus. 

Pyrite  occurs  in  considerable  quantities. 

Apatite  occurs  in  two  forms;  first  in  large  hexagonal 
columns,  often  as  much  as  15cm  in  length  and  2.5cm  in  diameter, 
of  a  pure  white  or  slightly  yellowish  color.  The  prism  faces 
{1010)  are  generally  sharp  and  well  defined,  but  with  the  ex- 
ception of  an  indistinct  pyramid  (1011)  and  the  basal  plane 
{0001)  no  truncations  were  observed  about  the  ends  of  the  prin- 
cipal axis.  These  large  prisms  are  often  found  penetrating  the 
«chorlomite  and  magnetic  iron  ore.    The  second  variety  consists 
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of  a  mass  of  fioe  needles  in  radiate  groups.  These  form  masses, 
imbedded  in  the  schorlomite  and  eleolite  and  were  at  one  time^ 
mistaken  for  Shepard's  ozarkite.  ^ 

The  writer  made  a  partial  analysis  of  this  radiate  mineral 
in  order  to  determine  whether  it  was  a  chlorine  or  fluorina 
apatite,  with  the  following  results  : — 

AnalyBts  of  apatite. 

CaO 54.5$ 

PA 42.00 

Fl  (by  dif.) 4.16 

a 0.02 

Fe,0,+AI,08 0.61 

IgniUon 0.42 1 

Sum 101.76 

Oxygen 1.76 

Total 100.00 

Although  this  analysis  makes  no  claim  to  great  accuracy  it 
is    evident  that    the   mineral  in   question    is  a  pure   fluorine 
apatite. 

Thomaoiiite  (Ozarkite)  was  first  announced  from  Magnet. 
Cove  by  C.  U.  Shepard  in  1846  and  described  by  him  under  the 
name  ozarkite  in  a  paper  entitled  ^^On  three  new  Mineral 
Species  from  Arkansas  and  the  Discovery  of  the  Diamond  ia 
North  Carolina.^'  X  '^^^  material  was  obtained  from  the  Rev. 
E.  R.  Beadle,  a  resident  of  New  Orleans,  who  collected  it  during 
a  journey  thr($ugh  the  Hot  Springs  region.  Shepard  gave  the 
name  ozarkite  to  this  mineral  because  he  supposed  Magnet. 
Cove  to  be  situated  in  the  Ozark  Mountains. § 

•  See  Am.  Jour.  Sci.,  Series  2,  Vol.  IX.,  1850,  p.  410. 

t  Regarding  the  determination  of  water  by  ignition  when  fluorine  is  present  compare. 
"  Ueber  die  Zoaamuenseizang  des  Apattts"  Inaugural-Dissertation  Ton  J.  L.  Hoskyns- 
Abrahall,  Mflnchrn,  1889,  p.  6. 

X  Am.  Jour.  Sd.,  Series  2,  Vol.  II.,  1846,  p.  249. 

2  This  is  a  very  common  error  made  by  people,  both  in  and  out  of  the  state,  but  it 
should  be  distinctly  understood  that  the  Osark  Mountaios  oonstitnte  a  range  of  mountains  in 
southern  Missouri,  but  which  also  extend  into  the  northern  part  of  Arkansas.    The  name 
Oxark  Mountains  has,  howerer,  occasionally  been  applied  to  the  mountains  about  Hot  Springs, 
and  it  is  to  this  use  of  the  name  that  the  oonf  uiion  is  due. 
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Sbepard  describes  the  mineral  as  follows : — 
"  Massive.    Composition,  laminae  (confased)  nearly  impalpa- 
ble.    Fracture  uneven. 

''  Lustre  feeble,  vitreous  to  resinous.     Color  white  (rarely 
bluish)  to  flesh-red.    Streak  white.     Translucent. 

"  Brittle.     Hardness  4:5.     Specific  gravity,  2,746. '' 
He  then   describes  it  behavior  before  the   blowpipe    and 
mentions  that  it  dissolves  freely  in  hydrochloric  or  nitric  acid 
without  effervescence,  but  forms  a  deposit  of  silicic  acid.     He 
says,  '^  It  appears  to  be  a  siliceous  hydrate  of  lime  and  yttria 
possibly  also  having  traces  of  thorina.  **    He  describes  its  oc- 
•currence  in  the  following  words:     **  It  occurs  diffused  in  irregu- 
lar veins  and  ovoidal  masses  (about  one-fourth  of  an  inch  in  di- 
ameter) through  a   flesh-colored  elsolite,  from  which  mineral 
however,  it  is  constantly  separated  by  a  thin  layer  of  red  jasper- 
iike  substance,  which  is  obviously  distinct  from  the  two  minerals 
it  tends  to  separate;  and  may  itself  be  an  undescribed  species. '' 
In  1849  J.  D.  Whitney  published  an  article  on  C.  XT.  Shep- 
ard's  new  minerals*  in  which  he  mentions  ozarkite  and  states 
that  it  does  not  contain  yttria  and  thorina  but  is  a  silicate  of 
alumina  and  lime  with  a  little  soda  and  is  probably  scolecite. 

J.  D.  Dana  in  1850  published  a  note  '*0n  the  Ozarkite  of 
Shepard"t  in  which  he  mentions  Whitney's  discovery  of  its 
likeness  to  scolecite  and  then  says  that  several  specimens  were 
examined  by  G.  J .  Brush  and  were  found  to  consist  largely  of 
phosphate  of  lime.  He  says,  ''They  have  often  the  radiated  ap- 
pearance of  a  zeolite  with  acicular  crystallizations ;  but  after  Mr. 
Brush's  discovery  of  phosphoric  acid  the  writer  (Dana)  found  by 
means  of  a  glass  that  the  acicular  prisms  were  in  fact  hexagonal 
prisms  of  apatite.  Other  large  prisms  were  also  found  in  some 
specimens.  The  acicular  mesotype-like  mineral  is  associated 
with  another  of  a  mealy  character  and  in  part  sub-lamellar, 
which  may  be  a  zeolite  as  observed  by  Whitney. " 

•  Joor.  Boston  Soc.  Kat.  History,  Vol.  VI.,  1649,  p.  42,  and  also  lAt«r  in  Froc  Bootoa 
Soc.  Kftt.  HlBtoiy,  Vol.  III.,  1861,  p.  96. 

t  Am.  Jour.  Sd.  Series  2,  Vol.  IX.,  1850,  p.  480. 
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In  1851  under  the  head  of  Mineralofi^ioal  Notices*  Dana 
published  a  note  stating  that  Prof.  Shepard  had  re-examined 
x)zarkite  with  the  following  results  f: 

Analysis  of  OzarkUe  {Shepard,) 
810,. 40.91 

AIA 16.76 

CajCPOJ, 4.17 

CaO 4.62 

H,0 1.6.10 

He  remarks  that  this  removes  the  mineral  from  scoleeite 
with  which  Whitney  wished  to  unite  it.  Dana  says  that  the  re- 
sults of  Brush,  Whitney,  and  Shepard  are  too  widely  different  to 
indicate  that  any  simple  mineral  waa  examined. 

Two  years  later  J.  Lawrence  Smith  and  George  J.  Brush 
published  a  paper  entitled,  ''  Be-examination  of  American  Min- 
-erab,  Part  II,  ^'  X  and  under  the  sub-head  '^  Ozarkite  an  Amor- 
phous Thomsonite ''  they  show  that  the  mineral  in  question  is 
truly  a  zeolite  and  that  it  had  been  confused  with  apatite  in  the 
determinations  that  had  been  made.  They  state  that  the  material 
for  their  analysis  was  obtained  from  Mr.  Markoe  and  that  the 
substance  occurs  in  veins  and  masses  in  eleolite.  They  give  its 
"Color  as  white;  structure,  granular  to  compact;  hardness,  5; 
•specific  gravity,  2.24  (Shepard),  and  state  that  it  gelatinizes  with 
fiCl.    Two  analyses  gave  the  following  results : — 

Analyses  of  ozarkite  {Smith  and  Brush). 


CONSnrUKNTS. 

ft. 

b. 

Theoretical. 
B8i04  -f  8A1,  8iO»  +7H,0. 

CftO. 

86.85 

29.42 
1.56 

18.95 
8.91 

18.80 

99.48 

87.08 

81.18 

18.97 

8.72 

18.80 

99  70 

87.80 
81.60 
18.00 

K»,0 

HjO 

4.80 
12.90 

AOUil«a««ft«as«*  ••« 

100.00 

»  Am.  Jour.  Sd.  Series  2,  Vol.  XII.,  1861,  p.  218. 

fProc.  of  Am.  Ajs.  AdT.  Scl.  4th  Meeting.    Held  at  New  Haveo,  p.  822  (Cited  after 
Jour.  8ci.,  loc.  elt.j. 

X  Am.  Joor.  Sci.  Series  2,  Vol.  XVI.,  1868,  p.  60. 
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This  is  the  same  compodition  as  that  of  thomsonite  and  th» 
mineral  was  considered  as  a  massive  variety  of  that  species. 

The  analysis  gave  the  formula : — 

I^9iO,+3Al,  SiO^+THjO, 

A  special  examination  was  made  for  phosphoric  acid  but 
none  was  foand  alihoagh  some  of  the  impure  material,  which 
had  been  previously  analyzed,  showed  considerable  quantities  of 
it  and  proved  to  be  a  mixture  of  the  zeolite  with  apatite. 

In  the  continuation  of  that  paper  (ibid.  p.  371)  under  th» 
bead  of  eleolite  the  statement  is  made  that  good  radiated  crystal- 
lizations of  ozarkite  (thomsonite)  in  eleolite  had  been  obtained. 

It  is  evident  from  the  above  quoted  opinions  and  analysea 
that  much  confusion  has  existed  in  regard  to  what  ozarkite  really 
is,  and  it  is  evident  that  Brush  in  his  first  determination  of  the 
mineral  in  which  he  found  phosphoric  acid  had  before  him  one 
of  the  radiations  of  apatite  already  described  (p.  220).  It  was, 
however,  shown  soon  after  by  Smith  and  Brush  that  the  mineral 
is  really  a  zeolite  which  should  originally  have  been  identified 
with  thomsonite  and  not  made  a  separate  species. 

The  large  white  rectangular  columnar  crystals  which  are 
found  near  thi^  locality  (Chap.  VII.  ii.  B.  2)  are  natrolite  and 
not  thomsonite  (ozarkite)  as  is  often  supposed.  The  writer  haa 
not  seen  crystallized  thomsonite  from  this  locality. 

ProtovermiculUe  was  one  of  the  first  minerals  observed  and 
recorded  from  Magnet  Cove.  Schoolcraft  *  mentions  mica  aa 
being  found  at  "  Hot  Springs  of  Washitaw"  and  describes  it  as 
follows,  ''the  lamina  are  very  small,  extremely  flexible,  of  a 
greenish  yellow  colour  and  admitting  very  little  light  through  their 
broader  faces.''  This  is  precisely  ihe  description  of  the  proto- 
vermiculite  from  Magnet  Cove,  but  no  such  material  occurs  at 
Hot  Springs  and  therefore  must  have  been  carried  there. 

Bringier  ^  says  of  this  mineral :      ''  Above  the   ore  (lode* 
stone)  and^not  one  hundred  yards    ofl,  is  an  extensive  bed  of 
common  talc  (mica?  Editors  of  Am.  Journal  Sci.)  ;  the   leaves 
are  of  an  extraordinary  size,  not  less  than  five  inches  by  seven.'* 

•  A  view  of  the  Lead  Mines  of  Miasoorl,  eto.,  p.  190, 

•  Am.  Joar.  Sol. ,  Series  1,  Vol.  III.,  1821 ,  p.  36. 

i 
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Eonig  *  was  the  first  to  analyze  and  accurately  describe 
this  mineral  and  from  its  general  similarity  to  vermiculite  he 
called  it  protovemiiculite.  He  described  the  mineral  as  occurring 
in  large  foliated  plates  and  smaller  prismatic  crystals  associated 
with  apatite  and  black  garnet.  The  structure  is  strongly  mica- 
ceous, optically  biaxial  and  probably  monosym metric.  The 
angle  of  the  optic  axes  is  very  small.  Thin  lamin»  are  flexible 
but  not  elastic.  Color  grayish  green  in  interior  of  the  plate  but 
becomes  yellowish  silvery  to  bronze  on  the  outside.  Lustre 
submetallic.   Touch  somewhat  unctuous.    Specific  gravity  2.269* 

Eonig's  analysis  has  already  been  cited  (page  211)  but  is  here 
repeated. 

AncJysis  of  proiovermieulite,     {Konig). 

810, - 3S.2ft 

'no, Trace. 

A1,0, ^    14.88 

FejOs ^'^ 

FeO 0.57 

*          MnO Trace. 

MgO 21.52 

H,0 3.36 

H,0  (Hydroscopic) 60.54 

Total 100.51 

There  is  little  to  be  added  to  this  description.  The  only 
additional  points  of  interest  which  have  occurred  to  the  writer 
are  the  facts  that  the  plane  of  the  optic  axes  is  the  symmetry 
plane  (010)  and  that  the  plates  of  mica  are  often  forced  apart  by 
tbin,  lens*shaped  masses  of  calcite  formed  from  the  decompbsi-^ 
tion  of  the  mineral  itself. 

Cancriniie  is  plentiful  along  the  cracks  of  the  eleolite  but 
is  of  a  secondary  nature. 

Calciie  occurs  in  considerable  quantities  in  the  more  decom- 
posed rock. 

The  order  of  crystallization  of  the  various  minerals  is  aa 
follows : — 

•  ProtoTermicnllte,  a  new  mineral  ipecies  b j  Q.  A.  KGnig, .  Proc  Acad.  Nat.  Sci.  of 
Phlla.,  1877,  p.  267. 

15  Geological;  Vol  11.,  1890: 
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Iron  ores,  apatite,  blotite,  melanite,  diopside,  orthoolase, 
^leolite,  scfaorlomite. 

Chemical  Compoaition. — ^The  eleolite  mica  syenite  was 
analyzed  by  the  writer  and  gave  the  following  composition,  show- 
ing that  it  is  distinctly  different  from  the  Diamond  Jo  and 
allied  rocks  to  be  described  later. 

Analysis  of  light  colored  eleolite  mica  syenite,  '^ 
SiO, 38.93 

XC) >  I 

A1,0, 16.41  I-  26.37 

Fe,Oj 6.10  I 

FeO 4.24  j 

FeB,  0.89 

CaO 16.49 

SrO Trace. 

MgO 6.57 

MnO Trace. 

K,0 1.78 

Na,0 6.27 

Li,0 Trace. 

CI 0.02 

PA 0-36 

SO3 0.00 

Loss  on  ignition 6.20 

Total 100.57 

The  specimen  analyzed  was  taken  from  one  of  the  harder 
bands  found  in  the  bed  of  'Hhe  branch''  north  of  J.  F.  Moore's 
douse  (See  page  182). 

In  that  portion  of  the  Magnet  Cove  region  which  lies  near 
Oove  Creek  but  east  of  the  limits  of  the  Cove  proper  there  occur 
large  masses  and   areas  of  a  dark  brown,  coarse-grained  rock 

*  By  X  are  repreoeDted  the  oxides  of  those  earths  which  are  Insoluble  in  oold  water 
after  having  been  smelted  with  KH  SO4.  ZraOs,  TscOa,  etc.,  maj  be  iccluded  under  this  head. 
Oompai^— Knop  in  the  Zeltachrift  f.  Kryst,  Vol.  X.,  1884,  p.  58.— BeltrSge  cur  Kenntnias  d. 
EriiptlTget.  des  Christ iania^Uurbeckens  by  Lang  and  Jannascb,  Christiania,  1886,  pp.  89  and 
113.— Einlge  Gesteine  ansder  Rh5n,  by  £.  M6Uer.  (Neues  Jahrbuch,  f.  Mincralogie,  1887). 
— Ueber  den  Monte  Amiata  und  Seine  Gesteine,  by  J.  Francis  Williams.  (N.  Jahrb.  f. 
Kineral.  Bell.  Band  V.«  1887,  p.  24.)— Gesammelte  chem.  Forschungen,  by  P.  Janrasch,  Band 
I.,  Gdttingeo,  1888,  p.  176. 
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which  resembles  both  the  eleolite  syenite  (Cove  type)  and  the  ^ 
members  of  the  monchiquite  and  fonrchite  group. 

It  is  hypidiomorphic  granalar  with  no  tendency  whatever 
towards  a  porphyritic  structure  and  shows  both  by  its  occurrence 
and  structure  that  it  belongs  to  one  of  the  older  abyssal  rocks 
and  not  to  the  intrusive  dike  type. 

The  minerals  are  more  closely  allied  to  those  of  the  eleolite 
-syenite  than  of  the  monchiquite  group.  The  dark  minerals  are 
«;reatly  in  excess  of  the  light  colored  ones  and  it  is  possible  that 
this  rock  forms  one  of  the  more  basic  rocks  in  which  the  iron 
becomes  such  an  important  factor  (See  pp.  180  and  219). 

The  pyroxene  is  of  the  diopside  type  and  is  not  the  augite 
of  the  monchiquites.  Olivine  is  wanting.  Large  biotite  crystals 
which  have  been  more  or  less  completely  altered  to  serpentine 
make  up  a  large  part  of  the  rook. 

Eleolite  is  present  only  in  somewhat  rare,  partly  decomposed 
crystals.  In  most  cases  it  has  been  completely  altered  so  that 
nothing  more  than  a  mass  of  strongly  polarizing,  decomposition 
products  remain. 

The  ores  of  iron  and  titanium  are  present  in  great  quantities 
«nd  in  some  of  the  specimens  examined  they  form  a  large  per 
-cent  of  the  dark  colored  minerals.  Pyrite  is  present  in  abundance. 
An  analysis  of  the  rock  gave  the  writer  the  following  results : — 

AnaJyais  of  dark  colored  eleolite  mica  syenite, 

8iO...... 36.61 

TiOa 3.11  ] 

X(*) 2.10  [ 

AlA 8-22  1-25.03 

FeA 8.29  ! 

FeO 8.81  J 

FeSj 6.03 

CaO 18.85 

SrO Trace 

MgO. 8.19 

MnO trace 

K,0 1.08 

NbjO 2.10 

CI 0.03 

^  For  esplanation  of  uae  of  X,  see  page  226. 
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PA (?) 

SO, (?) 

Loss  on  ignition 1.40 

Total 99.22 

When  the  iron  (exclusive  of  pyrite),  alnmina  and  titaniun^ 
are  grouped  together  in  both  analyses  the  agreement  ia  much 
more  evident  than  when  they  are  considered  separately. 

For  convenience  in  comparing  these  two  analyses  with 
each  other  and  with  an  analysis  of  the  amphibole  foarchite 
(monchiquite)  from  Magnet  Cove  (See  page  226  and  chap» 
YII.  in,  B)  and  typical  specimens  of  oaachitite  from  elsewhere 
in  Arkansas  (See  chap.  XII.)  the  following  table  has  been 
prepared. 

Table  of  analyses  of  basic  rocks  from  Arkansas. 


OONSTITOENTS. 


8iO«.... 
TIO,... 

xr).... 

AlaO,. 
Fe.O,. 


FeO. 


FeSs 

CftO 

MgO 

K,0 

Na,0 

CO, 

PaO. -.. 

a 

HaO  (igniUon) 
Total... 


I. 


ir. 


88.93 
1.62 

15  41 
5.10 
4.24 
0.89 

16.49 
6.27 
1.78 
5.27 


0.85 
0.02 
5.20 


100.67 


|8 


86.51 
81.11 
2.10 
822 
8.29 
3.31 
6.03 
18.85 
8.19 
1.08 
2.10 


lU 


IV. 


••8 
a 


48.60 
2.10 


5 

§ 


18.06 
7.52 
7.64 


86.40 
0.42 

■  •••• 

12.48 
8.27 
4JS0 


0.08 
1.40 


99  22 


1        13.39 

1       14.46 

1         8.47 

1 

11.44 

1.80 

8.01 

2.00 

0.97 

8.94 

1.04 

1.22 

2.36(t) 

100.20 

99.84 

V. 


X 
o 


38.07 

17.9a 
14.08. 

11.7a 

8.87 
2.28 
0.96 
5w60 


100.91 


«  F«r  axplanation  of  om  of  X,  tee  page  826. 
t  ThU  vater  detarmination  was  made  directly. 
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I.  EleoJite  syenite  (Cove  type,   light  colored ),    analyzed  by 
J.  Francis  Williams  (p.  126). 

II.  Eleolite  syenite  dark  colored,  analysed  by  J.  Francis  Williams 
(p.  127). 

III.  Amphlbole  fourchite,  Magnet  Cove.    Long  dike  in  8.  W.  i 
section  18.  (p.  185).    Analyzed  by  W.  A.  Noyes  (Chap.  VII.  iii.  B). 

IV.  Ouachitite  (rich  in  biotite)  3  8.,  20  W.,  8ec.  11,  N.  E.  quarter 
of  N.  W.  quarter.    Analyzed  by  L.  G.  Eaklns,  (Chap.  XII). 

V.  Ouachitite  (poor  in  biotite),  1  N.,  15  W.,  section  85,  N.  E. 
quarter.    Analyzed  by  J.  F.  Kemp,  (Chap.  XII). 

A  comparison  of  the  above  analyses  shows  that  it  is  not  very 
•clear  from  a  chemical  standpoint  to  which  group  the  dark 
colored  rock  belongs  for  it  is  about  as  much  like  one  as  the  other. 
If  future  investigations  should  tend  to  separate  it  from  the  eleolite 
«yenite  it  would  fall  in  the  group  of  the  peridotites  free  from 
olivine  for  its  structure  is  such  (hypidiomorphic  granular)  that 
it  cannot  be  united  with  the  hypocrystalline  monchiquites. 

S.     Eleolite  garnet  syenite  {Ridge   type). 

This  rock  is  usually  of  a  dark  color  and  presents 
a  decidedly  oily  appearance  which  is  due  not  to  the 
Oneness  of  the  individual  crystals  composing  it,  but  to 
the  characteristic  fracture  of  both  the  eleolite  and  the 
j^rnet  which  form  its  chief  constituents.  It  is  very  heavy 
and  shows  a  great  latitude  in  the  relative  amounts  of  eleolite 
and  the  dark  colored  components.  In  some  cases  the  latter 
do  not  make  up  more  than  a  quarter  of  the  mass  of  the  rock 
while  in  other  cases  they  form  as  much  as  three  quarters  of 
the  whole.  Of  these  two  varieties  the  former  is  naturally 
somewhat  lighter  in  color  than  the  latter,  but,  as  has  been 
«tatedy  the  general  tone  of  the  rock  is  dark. 

Structure. — The  rock  is  hypidiomorphic  granular  in  its 
structure  and  never  shows  any  tendency  towards  a  porpyritic 
<;haracter.  It  is  an  abyssal  rock  and  has  the  characteristic 
granitic  structure  of  those  rocks.  The  size  of  the  individual 
•crystals  varies  considerably,  for  in  some  cases  they  become 
several  centimeters  in  diameter  while  in  other  cases  they 
«ink  to  microscopic  diint;usions^ 

Under  the  microscope  the  rock  is  seen  to  be  made  up  of 
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a  hypidiomorphic  granular  mixture  of  eleolite,  melanite 
(schorlomite  (?) )  and  diopside,  with  occasional  biotite  flakea 
and  the  usnal  acceBsory  minerals. 

MeolUe  appears  in  oily  looking,  yellowish,  flesh-colored 
or  grayish  masses  showing  no  exterior  form,  but  bounded  hj 
the  pyroxene  and  garnet. 

Under  the  microscope  the  mineral  presents  its  usual  ap- 
pearance except  that  it  is  somewhat  fresher  than  it  is  com-- 
monly  found.  In  many  cases,  however,  it  has  been  much 
decomposed  and  shows  a  formation  of  kaolin,  cancrinite  and 
other  decomposition  products.  It  often  includes  the  minerals 
of  older  formation  and  contains  also  lines  of  gas-pores  and 
minute  cavities  containing  some  liquid.  The  liquid  in  thes& 
pores  often  contains  stationary  bubbles  but  in  no  case  have 
moving  ones  been  observed. 

Orthockue  is  entirely  wanting  in  the  typical  rock. 

Pyroxene  is  of  a  light  yellowish  color  and  is  very  slightly^ 
if  at  all,  pleochroitic.  The  angle  of  extinction  is  large  and 
together  with  the  color  and  the  lack  of  pleochroism  makea 
it  evident  that  the  mineral  is  diopside.  The  mineral  is  very 
similar  in  cleavage,  etc.,  to  that  already  described  (pp.  61* 63). 
In  these  crystals,  although  there  is  no  increase  of  color  near 
the  edge,  the  coloring  matter  is  not  uniformly  distributed 
throughout  the  crystals  but  is  more  observable  in  some  parta 
than  in  others. 

Weathering  is  indicated  by  yellowish  brown  lines  along* 
the  cleavage-cracks.  The  inclusions  are  such  as  are  usually 
noticed  in  this  mineral. 

Garnet  occurs  in  the  form  of  black,  shining  grains  of 
variable  size.  They  are  macroscopically  distinguished  from 
the  other  black  minerals  by  their  want  of  cleavage  and  their 
glassy  fracture.  Under  the  microscope  the  garnet  usually 
has  an  idiomorphic  form  and  appears  as  a  yellowish  brown,, 
isotropic  substance.  It  is  usually  decidedly  zonal  in  ita 
structure,  although  some  cases  have  been  observed  where 
the  crystal  appears  to  be  uniform  throughout.  Between 
crossed  nicols  the  mineral  remains  perfectly  isotropic  and 
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even  with  a  selenite  plate  no  optic  anomalies  could  be  dis- 
covered. From  its  color  and  general  appearance- this  garnet 
would  appear  to  be  melanite,  but  from  the  fact  that  it  occurs 
in  very  close  proximity  to  the  beds  where  such  large  quan- 
tities of  schorlomite  are  found  it  is  possibly,  in  part  at  least, 
to  be  connected  with  that  mineral.  Some  portions  taken 
from  a  microscopic  slide,  when  tested  with  ferrous  sulphate 
in  a  bead  of  microcosmic  salt  showed  only  a  very  slight  re- 
action for  titanium,  but  it  is  more  than  probable  that  thia 
element  is  not  present  in  all  the  crystals  in  the  same  degree. 
It  should  be  distinctly  understood  therefore  that  while  thi» 
mineral  is  called  melanite  it  probibly  includes  schorlomite  and 
perhaps ^toaari^e  as  well. 

The  relative  ages  of  melanite  and  dtopside  are  not  per- 
fectly clear,  for  in  many  cases  the  melanite  is  found  included 
in  the  diopside,  while  in  some  cases  the  latter  has  an 
idiomorphic  form  where  it  comes  in  contact  with  the  former. 
The  result  of  observations  on  a  large  number  of  examples 
indicates,  however,  that  the  melanite  is  the  older  of  the  two 
minerals,  but  that  their  periods  of  formation  were  not  far 
removed  from  each  other.  It  is  probable  that  the  melanite* 
was  still  forming  when  the  diopside  began  to  crystallize. 

BlotUe  occurs  in  small  quantities,  but  in  the  typical  rock 
this  mineral  is  very  scarce.  It  is  usually  of  a  light  green 
color  and  shows  the  beginning  of  alteration.  It  is  negative* 
and  apparently  uniaxial  for  white  light. 

Apatite  is  not  common,  but  when  it  appears  it  form» 
comparatively  large  idiomorphic  prisms.  Magnetite  occurs 
in  idiomorphic  forms  and  also  in  long  rod-like  crystals^ 
llmenite  occurs  in  irregular  grains  and  is  characterized  by  its- 
purplish  color,  rough  surface,  and  the  systems  of  dark  and 
light  bands  observed  when  it  is  examined  in  polarized  lights 
It  is  occasionally  found  surrounded  by  a  band  of  leucoxene* 
lUaniie  is  not  common  and  seems  to  have  been  replaced  by 
the  other  titanium  minerals  present. 

Cancrinite  appears  only  as  a  secondary  mineral  and  is 
usually  found  in  the  form  of  slender  needles  arranged  about 
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the  cracks  in  the  eleolite.  It  is  characterized  as  asaal  by  its 
high  doable  refraction  and  its  effervescence  with  hydrochloric 
acid. 

3.    Miarolitic  Meolite  Syenite, 

This  rock  occurs  in  small  areas  at  several  points  in 
Magnet  Cove,  as  indicated  on  map  IV.  and  mentioned  in  the 
general  description.  (See  chapter  YI.)  The  rock  is 
so  decomposed  that  at  no  place  is  it  safiiciently  fresh  to  al- 
low of  a  minute  macroscopic  or  microscopic  investigation. 
Its  mode  of  occurrence  and  its  relations  to  the  neighboring 
rock  are  also  concealed  for  the  same  reason. 

It  generally  appears  at  points  where  some  of  the  small 
brooks  have  cut  deep  down  into  the  overlyiug  soil  and  seems 
to  form  a  rock  older  than  the  eleolite  Byenite  dike  rock 
(Diamond  Jo  type)  and  the  leucite  syenite  dike  rook,  in  the 
neighborhood  of  which  it  is  usually  found. 

It  forms  a  coarse-grained,  friable,  yellowish  brown  rock 
which  consists  principally  of  feldspar  and  biotite  with  the 
remains  of  some  other  basic  silicates.  The  eleolite  appears 
to  have  been  almost  if  not  entirely  decomposed.  The  rock 
contains  many  cavities  into  which  the  feldspar  crystals  ex. 
tend  and  show  by  their  perfect  crystalline  forms  that  these 
spaces  were  either  originally  empty  or  were  filled  with  some 
late-formed  mineral  which  has  since  been  decomposed. 

The  feldspar  appears  in  large  (10  to  20mm)  thick  crys- 
tals somewhat  tabular  parallel  to  the  clinopinacoid.  They 
are  bounded  by  the  faces  commonly  found  on  orthoclase  and 
are  occasionally  twinned  according  to  the  Carlsbad  law.  The 
great  amount  of  kaolinization  which  has  taken  place  pre* 
vents  any  microscopic  study  of  these  crystals. 

On  a  close  examination  it  appears  that  some  eleolite 
has  escaped  the  action  of  the  elements  and  remains  to  indicate 
the  original  character  of  the  rock.  Biotite  is  the  only  one 
of  the  basic  silicates  which  has  withstood  the  weathering 
sufficiently  to  be  recognized.  Augite  and  hornblende,  if 
they  were  ever  present,  are  now  entirely  gone. 

Pyrite  seems  to  have  been  an  important  mineral  in  the 
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fresh  rock  for  limonite  now  appears  filling  the  spaces  that 
were  once  oecapied  by  the  pyrite.  In  cases  where  the  de- 
composition is  not  too  far  advanced  the  rock  emits  a  strong 
odor  of  sulphuretted  hydrogen  (HjS). 

The  rock,  as  appears  from  the  above  description,  has 
been  found  in  but  a  poor  state  of  preservation  and  hence  it 
has  not  been  sufficiently  studied  to  allow  any  definite  classi- 
fication of  it  to  be  made.  It  seems  probable,  however,  that 
it  was  formed  in  considerable  masses  and  constituted  a 
miarolitic  variety  of  the  older  or  abyssal  type  of  eleolite 
syenite. 

B.    Eleolitic  Like  Rocks. 

i.     Eleolite  Syenite  Dike  Rock  {Diamond  Jo  Type). 

The  eleolite  syenite  dike  rock  possesses  a  holocrystalline, 
hypidiomorphic  granular  structure  which  often  inclines  to  a 
trachytic  structure.*  Tn  texture  it  varies  between  very  wide 
limits.  Some  of  it  is  fine-grained  while  other  specimens 
show  an  extremely  coarse- crystalline  texture. 

Macroscopically  the  orthoclase  is  by  far  the  most  im- 
portant  constituent  of  the  rock.  It  occurs  in  large  (5  to  20mm) 
allotriomorphic  crystals,  tabular  parallel  to  the  clinopinacoid 
and  often  shows  a  well  defined  external  crystal  form.  These 
crystals  give  a  decidedly  trachytic  appearance  to  the  rock. 
(See  page  85).  They  are  of  a  slightly  grayish  white  color, 
have  a  distinct  cleavage  and  show  a  mother-of-pearl  lustre 
on  the  basal  cleavage-plane  (001).  The  basic  silicates  are 
rare  and  appear  as  small,  jet  black,  shining  masses  with  an 
indistinct  cleavage.  The  eleolite  appears  as  grayish,  waxy 
looking  masses  squeezed  in   between   the   feldspar  crystals. 

Under  the  microscope  the  rock  is  seen  to  be  a  hypidio- 
morphic  granular  mixture  of  orthoclase,  eleolite  (much  de- 
composed), cancrinite  and  pyroxene. 

Orthoclase  is  seldom  fresh  but  appears  as  opaque,  oblong 
sections  which  are  the  natural  forms  for  crystals  tabular 
parallel  to  the  clinopinacoid  to  assume  when  they  are  cut 
exactly  or  nearly  at  right  angles  to  the  symmetry-plane. 

•See  plate  1.    (PruntispUce.) 
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The  cleavage-planes  appear  as  distinct  cracks  and  are> 
emphasized  by  the  kaolinization  which  has  began  from  them. 
Twin  crystals  are  common  and  both  the  Carlsbad  and  Baveno- 
laws  have  been  obs^erved.  The  optic  axis  angle  is  small — sa 
small  in  fact  that  it  wonld  indicate  that  the  mineral  inclines 
more  towards  a  sanidine  than  an  orthoclase.  The  orthoclase 
is  perfectly  free  from  isomorphic  mixtures  of  other  feldspars, 
and  shows  therefore  no  microperthitic  structure.  The 
inclusions  are  very  plentiful  and  consist  principally  of  kaolin 
and  small  gas  cavities  which  are  often  arranged  parallel  to* 
the  vertical  axis. 

EUolUe  can  be  macroscopically  distinguished  by  its  gray  isb 
color  and  somewhat  greasy  appearance.  In  dome  cases  it 
has  been  so  completely  altered  as  to  lose  its  characteristic 
lustre. 

Under  the  microscope  the  eleolite  appears  both  as  idio-- 
morphic  and    allotriomorphic  crystals;  when  it   comes  in 
contact  with  the  orthoclase  the  latter  forms  the   boundary^ 
but  when  it  is  imbedded  in  cancrinite  its  form  is  idiomorphic. 
IMeolite  usually  appearsin  thick,  hexagonal  prisms,  not  much> 
longer  than  they  arebroad,  which  often  measure  2  to  Smm 
in  their  greatest  diameter.     Cracks  are  common  in   sections 
parallel  to  the  vertical   axis,  but  the  true  cleavage-cracks, 
have  been  observed  only  in  sections  parallel  to  the  base.  This, 
cleavage  is  then  seen  to  lie  parallel  to  the  hexagonal  prism, 
faces  (lOTO). 

In  some  cases  fresh  specimens  of  eleolite  have  beea- 
observed,  but  in  far  the  greater  number  of  cases  decomposi* 
tion  has  taken  place  to  such  an  extent  that  uothingbut  highly 
double  refracting  alteration  products  in  the  form  of  small 
needles  and  irregular  plates  can  be  found.  The  inclusions- 
of  gas  are  very  common  and  are  almost  without  exception 
in  the  form  of  oblong  cavities  arranged  parallel  to  the- 
vertical  axis. 

The  eleolite,  whether  altered  or  not,  is  easily  attacked  by 
hydrochloric  acid  and  forms  a  gelatinous  silica  which  on  drying^; 
is  filled  with  small  cubes  of  salt. 
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Cancrinite  usually  occurs  in  the  npaces  not  occupied  by 
orthoclabe  and  eleolite  and  beoce  is  seldom  if  ever  found  ii^ 
idiomorphio  crystals.  It  is  often  0.5 mm  or  more  id  size  and 
appear;}  in  polygonal  or  triangular  shaped  sections  which  ar& 
clear  and  transparent  and  seldom  show  any  indications  of  de- 
composition. The  cancrinite  is  distinguished  by  its  high  polar- 
ization colors  and  strong  double  refraction.  Even  in  thii> 
sections  these  colors  rise  to  orange  and  red  of  the  first  order  and 
are  very  characteristic  of  the  mineral,  which  might  otherwise 
easily  be  mistaken  for  eleolite,  which  it  resembles  in  many' 
respects.  The  cleavage  observed  in  some  sections  forms  two  sets, 
of  cracks  at  right  angles  to  each  other  which  appear  to  be  nearly 
equally  distinct.  In  other  sections  three  systems  of  lines  have- 
been  found  which  make  angles  of  60^  with  each  other  and  cor- 
resjiond  to  a  prismatic  cleavage.  In  polarized  light  the 
extinction  is  found  to  lie  parallel  and  perpendicular  to  the  right 
angled  cleavage  cracks,  thus  showing  that  these  lie  parallel 
respectively  to  the  base  and  principal  axis.  The  index  of  re- 
fraction is  lower  than  that  of  Canada  balsam  and  therefore  the- 
surface  of  the  section  appears  smooth.  In  sections  at  right 
angles  to  the  principal  axis  a  comparatively  sharp,  black  cross, 
appears  around  which  is  one  wide  ring.  When  this  interference 
figure  is  tested  with  a  mica  plate«  the  negative  character  of  the 
double  refraction  is  easily  established.  If  the  sections  are  not 
perfectly  basal  but  are  slightly  inclined  the  cross  is  found  near 
one  edge  of  the  field,  and  two,  or  even  three,  rings  appear. 

There  is  always  more  or  less  doubt  about  the  identity  of  a 
mineral  where  the  external  crystal  form  is  wanting,  and, 
therefore,  in  order  to  establish  the  character  of  this  mineral  more 
surely,  it  was  tested  microchemically,  with  the  following  rehults^ 
A  thin  section  of  the  rock  containing  this  mineral  was  treated 
in  the  cold  with  dilute  hydrochloric  acid  and  this  mineral  effer- 
vesced slightly,  but,  when  warmed  a  little,  the  effervescence 
became  very  rapid  and  took  place  from  all  parts  of  the  crystal. 
As  the  acid  dried  the  section  became  covered  with  gelatinous 
silica  in  which  small  cubes  of  salt  were  very  numerous  and  per*^ 
fectly  formed.    It  is  evident,  therefore,  that  both  in  chemical  a& 
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well  as  optic  characteristics  this  mineral  is  identical  with  can* 
crinite.  The  only  minerals  with  which  it  might  be  confused  are 
eleolite,  hydronephelite  and  eudialite,  from  which  it  is  easily 
distinguished  by  its  strong  double  refractioui  high  interference 
colors  and  effervescence  with  hydrochloric  acid ;  calcite,  from 
which  it  is  distinguished  by  its  gelatinization  and  separation  of 
salt  cubes  when  treated  with  hydrochloric  acid,  and  by  it?  want 
of  twinning  lamellse,  decidedly  lower  interference  colors,  fewer, 
wider  rings  ubout  the  uniaxial  cross,  and  the  cleavage- planes 
parallel  to  the  base  and  prisms;  quartz^  from  which  it  is  dis- 
tinguished by  its  negative  double  refraction ;  the  members  of  the 
scapolite  group,  from  which  it  is  distinguished  by  the  carbon 
dioxide  it  contains.  From  minerals  belonging  to  other  than  the 
tetragonal  or  hexagonal  systems  it  is  distinguished  by  its  uniaxial 
interference  figure. 

Cancrinite  sometimes  occurs  in  long  prisms  imbedded  in  the 
feldspar  and  eleolite  and  occasionally  shows  a  hexagonal  form 
when  cut  at  right  angles  t.o  the  principal  axis.  In  these  cases,  as 
in  the  preceding,  it  is  characterized  by  its  high  polarization 
colors.  The  cancrinite  is  usually  clear  and  fresh  and  shows  but 
few  inclusions.  It  is  highly  probable  that  it  is,  in  part  at  least, 
a  primary  mineral  of  this  rock. 

Pyroxene  has  been  observed  in  large  idiomorphic  crystals 
which  are  generally  of  a  dark  green  color.  They  show  a  decided 
pleochroism  between  various  shades  of  green  and  their  absorp- 
tion is  very  strong.  From  its  general  characteristics  it  is  evident 
that  the  pyroxene  belong  to  the  variety  cegirite. 

In  some  cases,  also,  a  lighter  colored,  greenish  pyroxene  has 
been  observed  which  has  a  comparatively  large  angle  of  extinc- 
tion which  is  still  larger  for  the  substance  in  the  center  than  for 
that  about  the  outside.  This  may  therefore  be  considered  as 
belonging  to  the  variety  diopside. 

Biotite  occurs  very  rarely  and  when  it  appears  presents  no 
peculiarities  of  structure  or  optic  properties. 

Amphibole  is  entirely  wanting  in  this  variety  of  rock  and  in 
fact  in  all  the  syenitic  rocks  of  Magnet  Cove  it  is  almost  without 
exception  replaced  by  pyroxene. 
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Sodaliie  occurs  occasiODally  as  an  accessory  miDeral  in  some 
sections  but  is  entirely  wanting  in  others.  It  is  idiomorphic  in 
form  and  is  usually  elongated  parallel  to  some  one  of  its  crystal- 
lographic  axes  so  that  it  does  not  present  a  regular  polygonal 
section.  It  is  perfectly  isotropic  and  shows  no  optic  anomalies, 
of  any  kind. 

Titanite,  magndUe  and  pyrite  are  present  in  very  small 
quantities  in  some  sections  and  are  absent  entirely  in  others.    At. 
best  they  play  but  a  very  small  part  among  the  constituent  min- 
erals of  the  rock.     Apatite  appears  to  be  entirely  wanting. 

Decomposition  and  alierixtion  products. — Among  these  are. 
found  secondary  segirite,  secondary  cancrinite,  fluorite^  calcite^ 
iiematite,  kaolin  and  titanite. 

JEffirite  forms  small  radiate  groups  of  minute,  needle-like 
crystals  such  as  have  already  been  described  in  other    rocks. 
(See  page  80).    They  are  evidently  formed  by  the  decomposition 
of  primary  segirite  or  of  other  basic  silicates. 

Canorinite  appears  in  the  form  of  a  highly  refracting,  fiue, 
fibrous  decomposition  product  which  has  replaced  a  great  deal  of 
the  eleolite.  It  is  probably  mixed  with  ranite  and  other  altera- 
tion products.  It  is  often  in  direct  association  with  the  primary 
caocrinitey  but  is  of  an  entirely  different  form ;  the  primary 
material  is  compact  and  uniform  while  the  secondary  shows  very 
markedly  its  composite  structure.' 

Huoriie  forms  small  purple  crystals  imbedded  in  the  rook 
and  is  also  quite  largely  developed  as  a  filling  material  in  the 
stams.  In  the  latter  case  it  occurs  in  the  form  of  thin,  circular, 
or  polygonal,  purple  masses  which  are  often  3  to  5cm  in 
diamet«^r,  but  seldom  exceed  2mm  in  thickness.  These  show  an 
octahedral  cleavage  and  are  isotropic  under  the  microscope* 
When  heated  in  the  dark  they  fluoresce  with  a  greenish  color 
and  belong  to  the  variety  chlorophane.  When  the  powder  of 
this  mineral  is  heated  with  sulphuric  acid  in  a  platinum  crucible 
fluorine  is  readily  given  ofl^,  as  is  shown  by  the  etching  of  a 
watch-glass  placed  over  the  top  of  the  crucible.  Besides  the 
purple  variety,  fluorite  often  occurs  in  yellow  or  colorless  trans^. 
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parent  crystals   which   are  easily  mistaken  at  first   sight   for 
<$alcite.     The  purple  mineral  has  been  mistaken  for  sodalite. 

GoUcUe  appears  as  a  decomposition  product  of  many  minerals 
«nd  is  often  fouad  associated  with  the  undecomposed  material  as 
"well  as  with  other  alteration  products.  Its  high  double  refrac- 
tion and  twinning  lamellae  are  very  characteristic. 

The  calcite  also  occurs  with  the  fluorite  in  the  cracks  of  the 
rocks.  It  is  distinguished  from  the  light  colored  varieties  of 
the  latter  by  the  fact  that  it  effervesces  easily  with  cold  dilute 
hydrochloric  acid.  Hematite  and  kaolin  are  found  as  is  usual  in 
«uch  rocks,  and  titanite^  which  may  perhaps  be  better  designated 
as  leucozene  or  titanomorphite,  appears  as  the  alteration  of  some 
titaniferous  magnetite  grains,  which  it  encircles  like  a  border. 

An  analysis  of  a  specimen  of  this  rock  taken  from  newly 
<}uarried  rock  from  the  Diamond  Jo  quarry  gave  the  following 
figures.  l,The  analysis  was  made  by  the  Survey,  B.  N.  Brackett 
and  J.  P.  Smith,  analysts. 

Analysis  ofeleolite  syenite  dike  rook, 

SiO, 63.38 

AIA 20.22 

Fefis 1.56 

FtC 1.99 

Fegj- 1.77 

MnO Trace. 

CaO 3.29 

MgO 0.29 

K,0 6.21 

NbjO 7.89 

^»^ \  3.43 

CO, > 

Total 100.03 

This  analysis  shows  that  the  rock,  although  not  as  basic  as 
the  coarse-grained  eleolite  syenites  of  the  Cove  type,  is  by  no 
means  as  acid  as  the  pulaskite  or  eleolite  syenite  of  the  Fourche 
Mountain  region. 

2.     Eleolite  eudialyte  syenite.    {Pegmatite). 

This  rock  apparently  occurs  as  a  dike  in  the  Paleozoic  rock 
but  owing  to  the  poor  exposures  of  rock  about  its  borders,  its 
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size  and  direction  are  somewhat  indefiaite.  It  is  found  at  the 
point  where  the  Hot  Springs- Malvern  road  crosses  Cove  Creek 
and  also  on  the  north  bank  of  the  ^^  Branch''  a  few  hundred 
yards  from  where  it  empties  into  Cove  Creek. 

The  rock  shows  a  great  variation  in  the  size  of  its  con- 
stituents. In  some  oases  these  become  extremely  large,  oc- 
^sasionally  reaching  a  diameter  of  as  much  as  16cm  (6  in.)^  while 
in  other  cases  they  are  not  more  than  a  millimeter  in  diameter. 

The  coarse-grained  variety  consists  of  a  pegmatitic  com- 
bination of  orthoclase  (microcline)  in  huge  idiomorphic  crybtals, 
sgirite  in  long,  beautifully  terminated  prisms,  eleolile,  eudialyte, 
astrophyllite,  titanite,  manganopectolite,  thomsonite  (ozarkite), 
natrolite,  and  other  decomposition  products  of  eleolite.  This 
rock  is  so  altered  by  weathering  that  it  is  difficult  to  say  much 
about  its  structure  except  that  in  a  general  way  it  forms  a  coarse^ 
pegmatitic  dike.  A  description  of  the  microscopic  structure  of 
this  rock  is  entirely  out  of  the  question  on  account  of  the  size  of 
its  constituents  and  the  decomposition  which  has  taken  place. 
The  coarse-grained  rock  is  mixed  with  finer  grained  varieties, 
which  are  of  a  dark  gray  color  and  in  many  cases  become  very 
fine-grained.  .In  these  fine-grained  rocks  orthoclase  or  micro- 
cline, eleolite,  segirite,  eudialyte,  etc.,  occur,  and  the  structure 
becomes  hypidiomorphic  granular. 

Orthoclase  or  microcline  often  occurs  in  very  large  tabular 
crystals  some  ot  which  have  been  found  to  be  10  to  15cm  in  great- 
est diameter  and  1.5  to  2.0cm  in  thickness.  These  have  only  been 
observed  as  simple  crystals.  Their  character  as  microcline  was 
first  observed  by  Des  Cloizeaux,  and  described  by  him  in  his 
article''^  on  microcline.  The  description  is  so  meager  that  it  is 
impossible  to  be  absolutely  sure  that  the  specimen  analyzed  was 
identical  with  those  from  this  locality,  bur,  since  this  rock  is 
the  only  one  from  which  large,  comparatively  free  feldspars  can 
be  obtained  and  is  the  rock  which  contains  the  large  aegirite 
crystals  sent  in  such  quantities  to  Europe,  it  is  more  than 
probable  that  the  mineral  which  Des  Cloizeaux  described  came 
from  this  rock. 

*M6inoire  lur  I'exiAteoce,  les  proprietett  optiqae«  et  cirBiallographiquen,  et  laoom- 
potition  chlmique  du  micnicllDe  noarefln  espdce  de  feldspath  triclinlque  i  base  de  potaaae,  psr 
M.  Dee  Cloizeaax.    Comptw  Beadus.  Tome  82, 1876,  p,  885. 
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The  aoalydis  which  was  made  hy  Pisani  aod  pabUshed  by 
Des  Clotzeaiii,  (I.  c,  p,  SSI),  is  as  follows: — 

Anaiyaia  of  microcHne.     (Pisani), 

SiOr 64.30. 

A1,0, 19.70 

Fe,0, 0.74 

K,0 1-5,60 

Na,0 0.48 

LoM  OQ  IgDttlon 0.35 

ToUl 101.17 

Bpeciac  gravity 2.64 

Tbe  inclination  of  the  base  (001)  to  the  brachypinacoid 
(010)  was  kiodly  measured  by  Prof.  J.  F.  Kemp,  of  Cornell 
University,  upon  a  reflection  gonimeter  and  gave  the  following 
angles :— 


M 

P 

010 

001 

=  90°  21' 

89° 

38' 

M 

P 

010 

001 

=  90    14 

89 

46 

11 

P 

010 

001 

=  90    19 

89 

41 

Mean      OlO  :  001  =  90°  18'        89°  41'  20" 

The  variation  in  tbe  angle  is  due  to  the  M  (010)    face  which 

does  not  give  a  sharp  reflection  and    appears  to   be  made  up  of 

innumerable  fine  twinning  lamellee.      The  character  of  sections 

Sections  of  microcline  showing  cleavage,  arrangement  of  tncliitiona 

and  angles  of  extiru;tion.     (x  500). 


Fl|.  19.  Fig.  It.  Flf.  11. 

SkUod  ptnllsl  to  tba  Scclioa  puxlld  id  Iha  Bccllan  pinllcl  la  ih* 

mtcroplSKCsId  (100).  bnehn>'i>*<old  (0>0).  but  (001). 

parallel  to  the  different  faces  or  axes  of  the  crystal  may  be 
better  understood  from  a  consideration  of  the  accompaBying 
diagrams  (Fige.   12,    18  and  14)  than  from  a  description.     The 
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email,  approximately  rectangular  inclasions  appear  to  be* 
sections  of  minute  se^rite  crystals.  In  some  cases  these  are- 
surrounded  by  minute  dots  and  lines  some  of  which  represent, 
cavities,  while  others  are  opaque  and  appear  to  be  magnetite. 

In  the  section  parallel  to  ooPob  (100)  (Fig.  12)  the  extinc- 
tion is  only  slightly  inclined  to  the  vertical  axis  and  with  very 
high  powers  a  fine  twinning  lamellation  is  observed.  Cleavage 
parallel  ooPA  (010)  and  OP  (001). 

In  the  section  parallel  ooPdb  (010)  (Fig.  13)  inclusions  of 
sBgirite  are  seen  and  the  cleavage-cracks  are  parallel  to  OP  (001)^. 
The  acute  bisectrix  makes  an  angle  of  5^  with  the  basal  cleavage* 
cracks  and  lies  in  the  obtuse  angle  /3, 

In  the  section  parallel  to  0P(001),  (Fig.  14)  the  whole 
surface  is  seen  to  be  made  up  of  irregular  patches  which  are 
extinguished  respectively  at  16°  on  each  side  of  their  line  of 
contact.  This  section  has  more  the  appearance  of  the  microper- 
thitic  intergrowths  of  orthoclase  and  albite  than  of  microcline* 
but  from  other  considerations,  viz.,  the  angle  of  extinction  of  the 
lamellas  twinned  according  to  the  albite  law  and  the  want  of 
sodium  or  lime  in  the  crystal  as  shown  by  a  qualitative  tebt,  it 
is  probable  that  it  is  microcline  and  similar  to  the  crystal  analy- 
zed by  Pisani. 

The  section  parallel  ooPc5b  (100)  when  examined  in  con- 
vergent polarized  light  shows  that  the  acute  bisectrix  is  nut  at 
right  angles  to  the  section  and  that  the  rings  about  the  twc 
optic  axes  are  eccentrically  situated  in  the  microscope  field.. 
The  axes  are,  however,  so  wide  apart  that  the  size  of  the  angle- 
cannot  be  measured  without  the  use  of  an  oil  bath  and  an  axis- 
angle  apparatus.  The  optic  axes  lie  in  a  plain  which  is  approx*^ 
imately  perpendicular  to  the  brachypinacoid  (010). 

EleolUe  requires  no  special  description  as  it  is  identical  in- 
all  respects  with  that  found  in  the  eleolite  mica  syenite  (p.  209). 

Eudialyte  was  identified  in  1861  by  Professor  C.  U.  Shepard"*^ 
who  discovered  small  nodules  of  a  brilliant  crimson  mineral  in 
the  feldspar  of  the  eleolite  rock  of  Magnet  Cove,  Arkansas.  He  at 
first  supposed  this  mineral  to  be  corundum,  but   after  testing  its 

♦  Am.  J.mr.  Sd.  S«ried  2,  Vol.  XXX  VII.,  1861,  p^4(K.  ^ 

I 

16  Geological;  Vol.  ii.,  1890. 
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hardnesR  (which  he  fonod  to  be  less  than  6),  and  observiDg 
that  it  gelatinized  with  hydrochloric  acid,  he  decided  that  it  was 
eudialyte.  From  that  time  the  occurrence  of  this  mineral  in 
Arkansas  has  been  mentioned  in  most  text  books  of  mineralogy 
on  Professor  Shepard's  authority,  but  not  until  very  lately  has 
the  snbject  been  revived. 

Hidden  and  Mackintosh  have  recently  published  a  note*  in 
which  they  describe  this  nodular,  rose-red,  nearly  transparent 
mineral  and  state  that  it  is  probably  eudialyte  and  identical 
with  that  discovered  by  Shepard. 

The  writer  was  able,  with  the  assistance  of  Wm.  J.  Kimzev 
of  Magnet  Cove,  to  obtain  some  very  good  specimens  ef  this  rare 
mineral,  several  of  which  were  well  adapted  for  crystallographic 
measurement.  Through  the  kindness  of  Messrs.  W.  E.  Hidden 
of  K'ew  York  and  C.  8.  Bement  of  Philadelphia,  he  was  enabled 
to  measure  two  other  crystals  from  this  locality  which  were 
es|)ecially  interesting.  The  results  of  these  investigations  were 
first  published  in  a  paper  entitled,  '^  Eudialyte  from  Magnet 
Cove,  Arkansas.'^  f 

The  crystals  from  this  region  range  from  3  to  18mm  in 
•diameter  and  are,  for  the  most  part,  thick  tabular  parallel  to  the 
base.  They  are  transparent  to  semi-transparent  and  in  color 
vary  from  rose-red  to  deep  crimson.  Cleavage  parallel  to  base 
is  indistinct,  and  the  crystals  appear  to  be  traversed  by  irregular 
•cracks  in  all  directions.  The  cleavage  parallel  to  ^22(1014)  and 
i2(10Il),  as  noted  in  the  Greenland  eudialyte,  has  disappeared 
almost  entirely  from  these  crystals.  The  surface  of  the  crystal 
is  in  some  cases  covered  by  a  yellowish  coating  of  altered  mater- 
ial ;  this,  however  does  not  appear  to  diminish  its  brilliancy,  bat 
when  it  occurs  on  the  base  increases  the  lustre  to  mother-of-pearl  • 

The  crystals  may  be  divided  according  to  their  form  into 
two  classes :  first,  those  in  which  the  negative  rhombohedrons 
predominate,  and  second,  those  in  which  the  positive  ones  are 
the  larger.  In  general,  the  crystals  are  terminated  above  and 
below  by  hexagonal  basal  planes,  but  these  occasionally  become 

«  Am.  Joar.  Soi.,  8erlM  8,  Vol.,  XXXVIIl.,1889,  p.  494. 
t  Am.  Jour.  Sci.,  Scries  8,  Vol.  XL.,  1890,  p.  458. 
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triangular  or  disuppear  entirely.  The  most  satisfactory  crystal 
for  the  measurement  of  angles  was  one  of  only  about  8mm  in 
iU  greatest  diameter  and  of  about  half  that  thickness.  This 
•crystal  belongs  to  that  group  in  which  the  negative  rhombo- 
hedrons  predominate  and  is  shown  in  fig.  16.  The  measurements 
from  thisy  combined  with  those  from  several 
other  crystals,  are^  given  below,  and  after 
-each  measured  angle  the  extreme  variation 
from  the  mean  is  appended.  ""^'viJ-iiif "^"^^'^  ^"^ '• 

The  axial  ratio,  as  calculated  from  measurements,  made  on 
three  very  good  crystals,  of  the  angle  between  the  base  and  the 
largest  rhombohedron,  —  |R,  is  found  to  be  a:c=l :  2.1174. 
As  this  is  deduced  from  a  mean  of  not  less  thin  ten  angles,  none 
of  which  varied  more  than  25  seconds  from  the  mean  angle, 
60^  43'  6'^,  it  is  evident  that  it  cannot  be  far  out  of  the  way  for 
the  Arkansas  variety  of  eudialyte.  Brogger  (Syenitpegmatit- 
gange,  p.  498),  considers  the  latent  measurements  of  von  Kokscha- 
rowf  the  most  correct  for  eudialyte.  Yon  Kokscharow  gives 
<z  :  c=l  :  2.1129  which  differs  but  little  from  the  ordinarily 
accepted  figures,  a  :  c=l  :  2.1117,  while  the  value  for  the 
Arkansas  variety  is  considerably  larger. 

The  following  faces  have  been  observed   and  measured : — 

c=0J2(OO01),  a=ooP2(1120),  R=+R{10I1), 
d=-Jfi(01I2),  w=-2J2(022l). 


Von  Kokaeh 

F«OM. 

Meao  Angle. 

Oalcalated. 

VarUUon. 

CaleoUtod. 

<j :  d,  (0001)  ; 

;  (0112) 

60°  43'  6" 

50°  43'  6" 

0'24" 

50°  38' 

« :  JJ,(0001)  ! 

;  (1011) 

67   53  48 

67  45  24 

8  12 

67  42 

c  :  n,  (0001)  : 

(0221) 

78   23 

78  26  35 

10  30 

78   25 

c  :  a,  (0001)  : 

(1120) 

89   56t 

90     0 

0  15 

90     0 

<i:a,(10l2) 

:  (1120) 

47   49   30 

47  54  29 

4  80 

47   68 

d  :  d,  (1012) 

:  (1012) 

84  21 

84  11     2 

Ireadiot 

84     4 

The  variaMon  of  these  angles  and  of  the  axial  ratio  from 
those  of  von  Kokscharow  would  suggest  some  corresponding 
variation  in  the  chemical  composition. 

«•  Von  Kokscharow,  Verhandl.  der  kais.  russ.  mln.  Gesellachaft  an  St.  Petenbarg,  II., 
XIV.,  1879.  p.  206. 

t  Brogger,  loc  cit.,  measurel  this  angle  on  Norwegian  eacoUte  ib  89°  68^  W» 
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All  excellent  nxample  of  that  clain  of  crystals  id  which  thfr 
positive  rhombohedrons  predominate  is  found  io  s  small  specimen 
— not  more  than  4min  in  its  greatest  diameter  -loaned  the  writer 
by  Mr.  C.  8.  Bement.  This  is  shown  in  fig.  16.  In  this  crystal 
■  one  face,  +R  (lOII),  is  so  over-developed 

that  at)  the  rest  of  the  faces  seem  dwarfed 
by.  it.  At  the  lirst  glance,  and  in  fact 
until  the  crysUl  is  carefully  measured^ 
this  large  face  would  be  mistaken  for  the- 
^t^i^riw  base  and  the  fact  that  opposite  to  it  the- 
crystal  is  terminated  by  a  six-sided  pyra- 
mid would  seem  to  support  this  view.  The  crystal  is,  in  reality^ 
to  be  placed  as  shown  in  the  cut  and  the  faces  which  make  up 
the  front  of  the  crystal  are  designated  by  the  same  letters  aa  in 
the  preceding  figure.  The  faces  forming  the  back  are  for  the 
most  part  composed  of  known  forms  in  oscillator;  combination^ 
Besides  these  well  known  faces  a  lai^  number  of  new  ones 
appear,  of  which,  however,  only  a  few  are  large  and  sharp  enough 
to  be  worthy  of  special  mention.  The  most  important  of  tbese- 
forms  are  as  follows  : — 

-^B(0.8.3.1I),  iR(lOU),  -;fi(10I5)  and  -?fi6  (2363). 

The  angles,  measured  as  nearly  as  possible,  were  as  follows: 

OR:  -iB,  (0001):(0.3.3.11)  33°  54'  38°  41'  52" 

OB:     ifi,  (0001)  :(1 014)  31  54  (J:30')     31    26  12 

OR:     IR,  (000I):(10ro)  25   59  33"  36     3  35 

The  faces  at  the  back  of  the  ciydtal  lying  in  the  vertical  zone 
and  beginning  at  the  top  are:  OB,  0001;  -,4fl,  8.0.3.II;-Jfi^ 
1012  (lai^e);  -^B,  lOlm;  (point  at  back);  IB,  lOln;  iB,  1014 
(large  but  dull);  {R,  lOlS  and  OB,  0001  (bottom). 

The  right  and  left  inclined  zones  at  the  back  are  made  up  of 
the  following  faces;  B,0T11  and  liOl ;  the  prisms ooP2,  1120- 
and  '2110;  (point  at  back);  -iB,  1102  and  011^.  The  email 
zones  lying  back  of  a  (aoP2,  1210  and  ISIO)  are  made  up  of  a 
recurreooe  of  the  prisms  with  the  scalenohedrons  -}B5,  S363. 
and  B323  (determinable  only  through  zone  relations). 

Id  order  to  make  sure  that  the  crystal  was  properly  placed    - 
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Bnd  the  faces  correctly  determined  it  was  imbedded  in  a  short 
piece  of  glass  tubing  jast  large  enough  to  hold  it  and  which  was 
filled  with  Canada  balsam.  This  was  then  placed  on  an  object 
glass  and  a  thin  glass  cover  placed  over  it.*  The  outside  of  the 
glass  tube  was  covered  with  black  paint,  in  order  to  cut  off  any 
«ide  reflections  and  the  preparation  was  then  examined  under 
the  polariscope.  Owing  to  the  thickness  and  irregularity  of  the 
crystal,  the  black  cross  was  not  very  plain,  but  it  was  evident  on 
revolving  the  stage  of  the  polariscope  that  there  was  no  ex- 
tinction such  as  was  observed  when  the  crystal  was  placed  in  any 

9 

Other  position. 

The  specific  gravity  is  comparatively  low  and  lies  between 
2.804  and  2.833  at  15^  C.  These  values  were  obtained  from 
those  crystals  which  were  measured,  and  the  lowest  was  that  of 
the  crystal  figured  in  fig.  16.  The  determination  was  made  by 
means  of  a  cadmium-borotungstate  solution,  in  which  the  crystals 
were  placed  and  which  was  then  brought  to  such  a  density  that 
the  mineral  remained  suspended,  neither  rising  nor  sinking. 
The  specific  gravity  of  the  solution  was  then  determined  by 
means  of  a  12cc  pycnometer. 

Thin  sections,  cut  at  right  angles  to  the  vertical  axis,  show 
in  parallel  light  a  pink  color,  and  between  crossed  nicols  remain 
perfectly  dark  during  a  complete  revolution  of  the  stage.  In 
'Convergent  polarized  light  such  sections  show  a  wide  black  cross 
which  sometimes  opens  a  little  owing  to  slight  optic  anomalies, 
but  no  colored  rings  appear.  Both  the  double  refraction  and  the 
index  of  refraction  are  weak.  The  index  is  lower  than  that  of 
'Oanada  balsam  and  the  surface  of  the  section  appears  smooth. 
The  character  of  the  double  refraction  is  positive.  By  sinking 
the  polarizer  and  the  converging  lens  the  irregular  cleavage, 
irhich  lies  approximately  pirallel  to  i/2  (1014),  becomes  visible. 

The  mineral  is  comparatively  free  from  inclusions  for  a 
-crystal  which  was  form^'ii  as  late  in  the  period  of  solidification  of 
the  rock, as  this.     Matrnetite  and  aegirite  or  acmtte  are  the  only 

«f  laoe  msking  tblj  ezp  nmeat  the  writer  hu  received  ProfesMr  C.  Klein'a  exliatutiTe 
l^per  OQ  this  method  of  ezamini  g  trjstali  without  cutting  them.  Sltzungaber.  d.  k.  Akad., 
3crUo,  XVIII,  1890,  p.  847. 
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iiiclasions  which  have  been  observed.  It  appears  as  if  some^ 
times  eadialyte  and  sometimes  microoline  was  formed  first,  for 
first  one  and  then  the  other  is  found  in  idiomorphic  crystals.  Oa 
the  whole  the  endialyte  appears  to  be  the  earlier  of  the  two. 
Decomposition  takes  place  very  rapidly  and  the  earlier  stages  of 
it  are  marked  by  the  formation  of  a  yellowish  brown  mineral  with 
negative  double  refraction  which  has  been  proved  to  be  eucolite^ 
Since  the  above  article  was  published  by  the  writer  an  article 
by  Dr.  F.  A.  Genth  on  the  same  subject  has  been  contributed  to 
the  American  Journal.*  Genth's  paper  was  virtually  completed 
before  that  of  the  writer  came  into  his  hands  and  hence  the  close 

agreement  of  the  angles  found  is  especially 
intereeting  since  they  were  measured  in- 
dependently. Pirsson  gives  the  accompany- 
ing figure  (Fig.  17)  and  enumerates  the 
following    faces  :   c=OR  (0001) ;   t=+R 

Fig.  17.  Eu^ioiyU/r^  Ma,.  (lO")  ?  ^=  "i^  (0"2)  aud  a=CX)P2  (1 1 20.> 

net  Cove  (ttfier  Pirimm),  The  follo wiug  angles  wcrc  measured  on  a. 

crystal  2.6mm   in   diameter : — 


Pirsson. 

c  :  r,  (0001)  :  (lOIl)  -  67°  35'  (mean  of  5 

meas.) 

c  :  e,  (0001)  :  (0112)  -  50  44  (mean  of  6 

meas.) 


WUliania. 
Calculated.     Measured.. 

67°45i'      67°   54' 
50  43  50    48 


The  specific  gravity  was  determined  by  Genth  to  be  2.810.. 

Genth  gives  two  very  valuable  analyses  of  the  pink  nodular 
material  which  he  states  consisted  of  material  of  various  shades 
of  color^  but  appeared  to  be  free  from  impurities.  The  analyses 
are  as  follows : — 


<■  Contributions  to  Mineralogy,  No.  SO :  by  F.  A.  Oenth  with  ers  stallognphlc  notaa. 
by  S.  L.  Penfield  and  L.  V.  Pirsaon.    Am.  Jonr.  Sci.    Series  8,  Vol.  XU. ,  1S91,  p.  387. 

In  prepariog  this  paper  Qenth  took  the  charge  of  the  chemical  portion  while  Pir«M» 
meaaorcd  the  crystals  and  oalcalated  the  angles.  For  this  reason  the  work  on  the  chemloai 
and  crystallographic  portions  of  the  psper  has  been  in  each  case  referred  to  the  man  who  db« 
dartookit. 
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Analyses  of  eudialyte  (Genth), 


CONSTITUENTS. 


a. 


b. 


SiOa 

ZrOa 

Ta,0,  (7). 

FtO 

MnO 

CaO 

MgO 

K,0 

Na.O 

CI 

Igniiion  . 


I- 


ToUl 100.81 


51.88 

51.68 

n.45 

11.62 

0.89 

0.29 

4.87 

4.86 

0.87 

030 

14.77 

15.05 

0.11 

0.07 

043 

18.29 

1.42 

1.41 

1.88 

1.84 

Oeath  states  that  the  mineral  occurs  associated  with  Bdgiriter 
astrophyllite^  titanite  and  zeolites.  He  suggests  the  possibility 
that  the  variation  in  color  is  due  to  the  beginning  of  alteration, 

Asirophyllite  occurs  sparingly  in  this  rock  but  in  compara- 
tively large  (5-lOmm)  poorly  developed  crystals.  The  writer 
has  seen  only  one  specimen  of  the  rock  in  which  this  mineral 
occurs.  This  specimen  was  given  to  him  and  his  attention 
called  to  the  astrophyllite  in  it  by  Dr.  Genth,  who  had  already 
mentioned  the  mineral  in  his  description  of  the  eudialyte  foundi 
in  the  same  rock  (see  above). 

The  astrophyllite  crystallizes  in  thio,  brittle  plates  which  are 
crowded  together  in  an  irregular  mass.  They  are  of  a  brownisb 
yellow  color  and  show  an  extremely  brilliant  lustre  upon  the 
base  (001).  The  cleavage  parallel  to  the  base  (001)  is  also 
highly  perfect.  The  plates  of  which  this  material  is  composed 
are  combined  in  such  a  way  that  they  present  a  curved  structure 
although  iu  reality  each  of  the  individual  flakes  is  flat. 

In  convergent  polarized  light  a  plate  parallel  to  the  base 
(001)  shows  that  the  acute  bisectrix  is  perpendicular  to  it  and 
that  the  optic  axis  angle  is  too  wide  to  allow  the  optic  axes  to 
appear  in  the  field; 
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A  blowpipe  examination  of  a  few  flafces  of  this   mineral 
showed  the  presence  of  titaniam,  *  manganese  and  sodium. 

..f^Tin^  occurs  in  gigantic  crystals  in  certain  parts  of  this 
rock  and  while  it  is  very  common  throughout  the  mass,  in  the 
ordinary  forms,  the  large  crystals  occurring  in  coarse  grained 
veins  or  dikes  deserve  a  more  special  mention. 

This  mineral  was  probably  noticed  long  before  i I  was  re- 
cognized as  segiritCy  for  in  the  earliest  account  of  the  region  by 
Joseph  Macreryt  black  schorl  is  mentioned  as  occurring  in 
rectangular  crystals  which  cover  a  white  or  reddish  ield8par  and 
it  is  probable  that  the  brilliant,  black,  nearly  rectangular  prisms 
of  segirite  were  mistaken  for  schorl,  or  tourmaline  as  it  is  now 
called. 

Featherstonhaugh  iu  his  report  |  mentions  hornblende  as 
being  a  constituent  of  the  coarse-grained  syenite  and  also  of  the 
'^'^reenstone."      It  is  probable   that  in  this  case  he    mistook 
\segirite  for  hornblende. 

It  is  not  at  all  surprising  that  these  mistakes  were  made  for  it 
was  not  until  the  year  1834  that  Esmark  discovered  this  mineral 
near  Brevig,  Norway,  and  named  it  segirite  after  the  Norwegian 
god  of  the  sea,  ^gir.  ||  The  very  similar  mineral,  acmite,  which 
is  hardly  distinguishable  from  segirite,  was,  however,  first 
discovered  in  1784  by  H.  Strom,  who  called  it  ^'  Kry^tallisirter 
Hornstein  (crystallissed  hornstone)  oder  schorl,'^  §  and  in  1821  P. 
Stiom^  made  it  a  separate  mineral  under  the  name  **  Werneria'' 
and  Berzelius  in  the  same  publication  gave  the  name  akmit  or 
^aomUe  from  the  Greek  word  for  a  spear-point. 

«lhe  tost  in  ft  bead  of  mlcrocoraitc  tali  with  lerrotu  sulphate  w«s  made  bat  !»▼• 
iinsatisfaciory  raaults.     The  wet  method  with  lodiam  fluoride,  aodlam  pjrro^ulphate  and 
4i7drogen  peroxide  (Detection  and  EaUmatioa  of  Titaoinm,  W.  A.  Nojres,  Journal  of  Anal,  and 
Applied  Chemistry,  Vol.  V.,  1891,  p.  80)  was  then  tried  and  a  decided  roaelloo  fur  titaniam 
«raa  obtained  with  an  extremely  small  quantity  of  material. 

fMew  York  Medical  Repository,  Vol.  III.,  1806,  p.  48. 

I  Qeologlcal  Report  of  the  EleTsted  Gountry  between  the  Missouri  and  Red  RiTf  n,  ete. 
1884,  p.  62. 

I  Esmark  und  Berzelius,  Nenes  Jabrbueh.  f.  Mln.  1835,  p.  184.     Cited  after  Brogger, 
■<Syenltpegmatitgftnge  p.  296). 

i  H.  Str6m,  BeskrlTelse  OTcr  Eger-Praestefddld,  KJSbenbaTn,  1784,  p  60.     Cited  after 
BrCgger,  p.  296. 

f  P.  8ti6ni,  St.  VeL  Acad.  Handl.,  1821,  p.  161.    Cited  after  Brdgger,  p.  295. 
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In  1864  C.  n.  Shepard  *  meotioned  that  segirite  (sagirioe) 
was  foand  loose  in  the  soil  of  Magnet  Gove  and  in  association 
with  eudialyte  and  other  minerals.  Since  that  time  it  has  been 
t>ne  of  the  best  known  of  the  minerals  brought  from  that  inter- 
esting locality. 

The  segirite  crystals  are  often  30cm  (1  foot)  and  more  in 
length  with  a  thickness  of  3cm  (li  in.).  They  form  long,  almost 
Jet  black  prisms  which  show  a  slight  inclination  toward  green  in 
incident  light  and  which  are  of  a  decided  green  color  when  seen 
by  transmitted  light.  There  is,  however,  a  slight  tendency 
towards  brownish  green  in  some  of  the  specimens  which  are 
snperficially  weathered.  From  these  characteristics  it  is  prob- 
able that  this  mineral  is  »girite  and  not  acmite.f  The  long 
prisms  are  often  terminated  by  long  steep  pyramids  whose 
tsrystal  faces  are  not  at  all  sharp.  They  are  generally  much 
rounded  and  do  not  allow  of  accurate  measurement  er  determina- 
tion of  their  indices.  A  thin  section  of  one  of  these  large 
xsryhtals  cut  parallel  to  the  clinopinacoid  (010)  gave  an  extinc- 
tion angle  8^ and  showed  that  the  pleochroism  was  a>c. 

Many  attempts  have  been  made  to  prepare  a  section  at  right 
^angles  to  the  prism  faces  but  without  success.  The  cleavage 
parallel  to  the  prism  was  too  perfect  to  allow  of  much  abrasion 
«t  right  angles  to  its  direction. 

An  analysis  of  one  of  these  large  crystals  was  made  in  1875 
by  J.  Lawrence  Smithy  as  shown  below,  and  in  order  to  com- 
pare it  with  those  from  Norway  the  two  typical  analyses  of 
«egirite  and  acmite  given  by  Brogger,  and  one  by  F.  Pisani  are 
appended. 

Tbe  resemblance  between  analyses  i.  and  ii.  is  remarkable, 
but  as  there  is  hardly  any  constitutional  difference  between 
«girite  and  acmite  this  similarity  does  not  signify  much. 

Besides  these  very  large  specimens  there  are  crystals  of  all 
sizes  down  to  the  very  minute  needle-like  forms  found  included 
in  the  microcline,  eudialyte  etc. 

*  Am.  Joar.  Sei.,  Series  2,  Vol.  XXXVII.,  1864,  p.  407. 
fSee  Br5gg«r  (SyenUpegmstltgioge,  p.  886.) 

X  Aoalytit  of  iE^rlte  from  Hot  Spriogs,  Arte.,  bj  J.  Lawrence  Smith,  Am.  Jour. 
«ei.,  Series  8,  Vol.  X.,  1875,  p.  60. 
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Analyses  of  cegirite  and  acmiie. 


COHSTXTUKKTS. 


■  ««••■«•••••••««•••«••• 


A  m2>««**«u«  »»•««••••••■••••• 

FetOi - 

FeO « 

G«0 - 

MgO 

MnO- ^.. 

NaaO.....  MM M 

KaO 

HaO 

Total 

(*pe€ifio  grsTitjr  ...»^. 


I. 


.^irlte, 
Arkuiatfl. 


51.41 
0.18 
1.82 

28.80 
9.45 
2.08 
0.81 


11.88 
Tnoe. 


100.88 
8.58 


II. 


.£glrlte, 

Brevig, 

Norway. 


02.11 


2.47 
22.80 
8.40 
2.60 
0.41 


12.10 


080 


101.19 


111. 


Barkerig, 
Norway. 


51.74 


0.47  (♦) 
26.17 

8.48 

5.07 

1.79 

0.46 
11.02 

0.84 


100  JS4 


IV. 


Acmiiet 

Buodemyr, 

Norway. 


51.85 


1.59 

81.11  (t> 
2.69 
Tnoe. 


0.S7 

11.39 

Trace. 


99.40 


I.  ^girite  from  Magnet  Cove,  analyzed  by  J.  Lawrence  Smith. 
(Am.  Jour.  SoL,  8er.  3,  Vol.  X.,  1875,  p.  60). 

II.  ^^rite  from  Norway  (Brevig),  analysed  by  F.  Pisani.  (Bar 
I'astrophyllite  et  Peegrine  de  Brevig  en  Norwege.  Note  de  M.  F,  Plsanl. 
Comptes  Bendus,  LVI.,  1863,  p.  846). 

III.  iGglrite  from  Norway  (lUrkevlg,  etc.)  analyzed  by  C, 
Bolter.  (Tisoherm.  Mln.  Mitth.,  1878,  p.  372.  Cited  after  Syenltpegma- 
tltgange,  p.  297). 

IV.  Aomite  from  Norway  (Ruademyr),  analyzed  by  G.  Dolter, 
(Ibid.). 

Id  thin  sections  the  segirite  crystals  are  seen  to  be  always 
idiomorphically  bounded  as  regards  the  other  minerals  of  the 
rook  but  they  are  often  grouped  together  into  thick  nests  made 
up  only  of  segirite  in  such  a  way  that  the  free  crystallization  of 
the  individuals  has  been  very  much  hindered  by  each  other,  la 
DO  case,  however,  has  a  twin  crystal  of  segirite  been  found  and 
since  Brogger  states  that  twins  are  especially  characteristic  of 
acmite  this  fact  increases  the  probability  that  the  latter  mineral 
is  very  rare  if  not  entirely  wanting.        ' 

•  Brteer  writes  AlaOs»0.87  ioitead  oC  A],0|— 0.47.  (8ee  Ranmelsberg  Mineiftlcbenie 
EiSftasungahelt,  p.  24). 

tBrOggerwritMFetOa— 31.11  insteftd  of  FeaOa— 82.11.  (Sm  Bftmualabeif,  MlnenU 
•lieiBie,  Eisiosangsheft,  p.  28). 
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Qamet  occars  in  precisely  the  same  form  and  color  ms  in 
the  case  of  that  alieady  described  in  the  eleolite  mica  syenite 
(p.  212)  and  needs  no  farther  mention.  It  is  not  very  com* 
mon  in  this  rock  and  seldom  appears  in  idiomorphic  crystals. 

Wollastonite   has   been  observed  in  a  few  cases  only. 

TXtanite  appears  in  idiomorphic  crystals  (1  to  5mm)  which 
are  oflben  of  a  snlphur-yellow  color  and  form  a  very  striking  con- 
stituent of  the  rock.  In  other  cases  they  have  a  more  decided 
bronse  color  and  are  not  so  brilliant. 

The  titanite  of  this  rock  also  forms  prisms  elongated  parallel 
to  the  vertical  axis  (Fig.  18).  These  occur  both  imbedded  and 
virtually  free,  extending  into  cavities  in  the  rock  and 
attached  only  at  the  lower  end  of  the  vertical  axis« 
F.  A.  Genlh  has  lately  analyzed  them  and  in  connec- 
tion with  L.  y.  Pirsson  has  published  the  paper 
already  cited.  * 

Genth  describes  the  occurrence  of  the  titanite  as 
follows:     ''It  occurs  associated  with  aegirite,  ortho- 
clase  (or  microcline)  eleolite,  one  or  two   zeolites, 
eadialyte,  and  others  in  small  pale  yellowish  brown 
or  brown  crystals.    Specific  gravity  3.457. 

''The  crystals  are  very  simple  and  show  a  com- 
bmation  of  the  two  forms  7n='OoP(110)  :  and  n=-P  taniu/nmMag^ 
(lll)t.  The  faces  gave  very  poor  reflections  so  that  ^,.^*  '^ 
only  approximate  measurements  could  be  made." 

An   analysis  of  this   material   gave   Genth   the   following 

figures : — 

Analysis  of  iitanUe,     (Oenih,) 

8iO, 30.84 

TiO,^ 39.85 

FeO 0.73 

C5aO - 28.26 

MgO Trace. 

Ignition 0.57 

Total - 99.75 

*  Contribntiont  to  Mioeralogf,  No.  50,  etc..  Am.  Jour.  Sei.,  Series  3,  Vol.  XLI.,  1891  „ 


9.SM. 


t  PinMOb'fl  ajmbols  hare  been  chanf^ed  so  as  to  oorrespond  with  those  in  this  report. 
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Similar  eloogated  ciystals,  observed  by  the  writer,  when 
slightly  weathered  are  covered  with  a  crast  of  a  white  substance 
the  character  of  which  has  not  been  determiaed. 

Magnetite,   UmenUe   and  pyrUe   all  occar  in   considerable 
quantities  but  present  no  peculiarities  worthy  of  special  mention. 
DecompoHiiion  prodacts. — Among  the  decomposition   pro- 
-ductsof  this  rock  there  are  several  minerals  which  are  especially 
interesting  on   ai^count   of  their  comparative  rarity.     For  this 
reason^  therefore,  these  will  receive  more  than  a  passing  mention. 
iVa^ro/i76 occurs  in  thick  prisms  (1  to  2cm  or  more  in  diameter) 
•and  often  forms  large  masses  in  this  rock.     It  is  pure  white  and 
has  a  distinct  cleavage  parallel  to  the  prism  faces  (110)  and  a 
glassy  lustre.      Although  the  crystallization  has  usually  been  so 
hindered  that  the  crystal  faces  seldom  appear,  in   a  few  oases 
-beautifully  terminated   crystals   have    been   observed   extend- 
ing into  the  the  small  cavities  left  between  the  crystals.      One 
-small  crystal  (Fig.  19)  of  this  sort  which  had  a  length  of  4mm 

and  a  diameter  of  2mm  showing  the  following 
faces:  ooP  (110),  ooPob  (100),  ooPdb  (010)  and 
P  (111).  One  of  the  pyramid  fac^s  (111)  shows 
a  striation  parallel  to  a  polar  edge  lying  in  the 
brachydiagonal  section  but  with  that  exception 
all  the  faces  are  sharp  and  smooth. 

A  qualitative  examination  of  some  of  this 
from  Magnet  Cave.  material  showcd  flocculcnt  siHca,  when  the  mineral 
was  treated  with  hydrochloric  acid  and  the  solution  gave  a  large 
precipitate  of  alumina  with  ammonia.  Lime  and  magnesia 
were  entirely  wanting,  but  the  flame  reaction  gave  a  strong  re- 
action for  sodium  and  very  slight  traces  of  potassium. 

Through  the  kindness  of  Dr.  F.  A.  Genth  the  writer  is  en- 
abled to  publish  the  following  analysis  of  this  mineral.  The 
:aniilysis  has  never  previously  been  published  but  Dr.  Genth  has 
^generously  placed  it  at  the  disposal  of  the  Survey : — 

Analyna  of  ncUrolUe.     (  OerUh). 


Hi! 


810,... 
A1,0,. 


47.»7 
26.61 


MAGMBT  COVE  BOCK -- BLBOUTB  EUDIALYTB  8TEMITB.  2S^ 

Na,0 15.98 

IgDition^ 9.81 

Total 100.27 

Specific  gravity 2.243 

Dr.  Geotb  states  that  this  is  "  the  beautifal  Datrolite  with* 
the  large  cleavage-plaDes  "  and,  as  is  evident  from  the  analysis^ 
it  is  very  pare. 

Whole  crystals  and  sections  of  the  same  show  a  perfectly- 
orientated  extinction  in  parallel  polarized  light  and  in  convergent 
light  the  optic  axis  plane  is  seen  to  lie  in  the  brachypiaacoid* 
section  (010.)  The  angle  of  the  optic  axes  is  near  90^  and  the 
acnte  bisectrix  is  coincident  with  the  vertical  axis,  therefore^ 
in  plates  parallel  to  the  cleavage  the  axes  are  invisible  in  the  air. 

Thomaonite  (Ozarkite)  also  ooonrs  in  small  quantities  in  this> 
rock  but  needs  no  special  description. 

Brucite  occurs  in  white,  transparent  or  semi-transparent^ 
regular,  hexagonal  plates  which  are  generally  about. 2mm  in  di- 
ameter but  may  be  found  very  much  smaller.  They  present  a 
laminated  surface  and  show  a  very  decided  cleavage  parallel  to 
the  base.  The  faces  which  have  been  observed  are  OP  (0001),, 
212  (2021)  and  -4i2  (0441.)  The  angles  were  not  measured,  but 
it  is  evident  from  the  appearance  of  the  crystal  that  the  faces 
enumerated  are  those  which  exist. 

Tn  parallel  polarized  light  a  plate  parallel  to  the  base  (0001)^ 
becomes  a  dark  gray,  but  shows  variations  of  intensity  in  difler- 
ent  parts  of  the  plate.  These  variations  are  emphasized  by  the 
u->e  of  a  selenite  plate.  In  convergent  polarized  light  a  black 
cross  is  observed  which  opens  slightly  when  the  stage  is  re- 
volved. The  size  of  the  optic  angle  in  different  parts  of  the 
plate  if>  very  variable  and  the  position  of  the  plane  of  the  optic 
axes  varies  from  one  point  to  another.  By  means  of  a  quarter- 
undulation  mica  plate  the  character  of  the  double  refraction  is  de- 
termined to  be  positive. 

Manganopeotolite^  was  first  described  by  the  writer  and 
occurs  as  thick  tabular  crystals  varying  very  much  in  size,  the 

<^  MaagsoopektoUth,  eln  nea«  pektollth-ahnllehM  Mlntral  Ton  Magnet  Cove,  Arkmnaw,, 
yoa  J.  FninciB  WillUmi.    Zelt.  fQr  Kryat.  aod  MIoeral.    Baad  XVIil.  1890,  p.  886. 
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largest  being  about  10cm  io  length.  The  best  specimen  of  this 
rare  mineral  which  has  been  found  was  a  thick  crystal  about 
20x  10x6mm  in  size.  It  was  broken  through  the  center  parallel 
to  the  broader  face.  In  the  interior  the  crystal  was  perfectly 
transparent  and  of  a  grayish  color,  but  was  incrusted  with  an 
opaque,  brown  deposit  of  weathered  material. 

The  following  faces  were  observed  and  measured : — 
OP  (001),  ooPdb  (100),  +2Pdb  (201),  ooPdo  (010). 

Measured. 
(001)  :  (100)    —        84°    42' 
(001)  :  (201)    —        44      26 
(100)  :  (401)    —         60      55 
fi=S4^  42'  and  the  axis  ratio  when  b  and 
spond  with  those  of  wollastonite  is  a  :  6  :  c=1.0534  :  1  :  0.4840. 
It  is  evident  that  a  better  ratio  could  be  obtained  from  a  crystal 
having  faces  other  than  those  in  the  orthodiagonal  zone. 

The  cleavage  parallel  to  OP  (001)  is  very  perfect  while  that 
parallel  to  ooPc5o  (100)  is  hardly  inferior  to  it.  The  lustre  on 
the  former  is  mother-of-pearl  and  on  the  latter  silky. 

Hardness 5. 

Specific  gravity 2.845 

A  chemical  analysis  by  the  writer  gave  as  the  mean  of 
three  determinations  the  following  composition  : — 

AncUyaia  of  manganopectolite. 


Calculated. 

84°     42' 

44      25 

50      53 
are  made  to  oorre- 


CONSTITUENTS. 


Mean. 


Greatest  Tariaiion 
from  mtran. 


SiOa... 
Fe,©. 

AI.O, 

OaO.... 

MgO... 

MnO... 

NaaO.. 

HaO... 

OOa  .. 


ToUl. 


53.03 
0.10 


80.28 


0.18 


0.40 


4.26 
899 
2.48 
0.82 
99.90 


0.10 
008 


•*•—•••••»■••  < 
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From  a  thin  section  of  this  mineral  it  was  evident  that  it 
contained  small  particles  of  calcite  scattered  through  it.  It 
seems,  therefore,  perfectly  proper  to  consider  all  the  carbon  di- 
oxide as  belonging  to  that  mineral  and  to  deduct  it  in  the  form 
of  CaCOj  from  the  analysis  and  to  recalculate  the  latter  to  one 
hundred  per  cent. 

By  comparing  this  corrected  analysis  with  that  of  pectolite 
it  is  evident  that  manganopectolite  is  simply  a  form  of  pectolite 
in  which  a  portion  of  the  calcium  is  replaced  by  manganese.  By 
calculation  it  may  be  shown  that  when  one-tenth  of  the  calcium 
is  thus  replaced  a  composition  is  obtained  which  corresponds 
very  closely  to  that  arrived  at  by  analysis. 

For  comparison  the  composition  as  calculated  from  the 
formula  (^Ca,  ^  Mn  )2  NaH'  SijO,,  and  the  theoretical  com- 
position of  pectolite  (GasNaH  SijO,),  are  placed  by  the  side  of 
the  ''  corrected ''  analysis. 

Comparison  of  manganopectolite  with  pectolite. 


COSSTrrUENTS. 


SiOa... 
Pe,03. 
CkO..... 
MnO.... 
NsaO.. 
HaO.... 


Total. 


OaOOa. 


Spec.  OrsTity. 


1 

BO 

54.10 
0.10 

29.82 
4.84 
9.16 
2.48 

58.75 

30.06 
4.28 
9.25 
2.69 

100.00 
1.87 
2.846 

'    100.00 

Sp. 

o 

II 
QQ 

I? 


54.22 


88.74 

9.88 
2,71 


100.00 


It  is  evident  that  the  material  used  in  this  analysis  was  very 
pure  from  the  fact  that  neither  magnesia  nor  alumina  were 
present  in  weighable  quantities  and  that  the  ferric  oxide  only 
amounted  to  0.10  per  cent. 

The  optic  properties  of  this  mineral  show  its  close  con- 
nection with  pectolite  fully  as  completely  as  does  the  chemical 


256  ANNUAL  REPORT  8TATB  OSOLOOIBT. 

analysis,  A  section  parallel  to  the  more  perfect  cleavage 
(001)  showed  parallel  extinction  and  in  oil  in  convergent  light 
the  rings  about  the  optic  axes  were  visible  bat  did  not  allow 
of  the  measurement  of  the  axial  angle  about  the  obtnse  biseo'^ 
trix.  The  figure  was  perfectly  centered,  showing  that  the 
bisectrix  stood  perpendicular  to  the  base  (001).  The  plane  of 
the  optic  axes  was  at  right  angles  to  the  symmetry-plane  of  the 
crystal. 

Much  difficulty  was  experienced  in  obtaining  a  section 
parallel  to  the  plane  of  symmetry,  that  is,  perpendicular  to  the 
acute  bisectrix,  on  account  of  the  perfect  cleavage  parallel  to  the 
base  (001)  and  orthopinacoid  (100).  After  many  trials  a  section 
was  secured  which  was  near  enough  to  the  required  direction  to 
enable  the  axial  angle  to  be  determined  as  approximately  15^  for 
sodium  light.  The  double  refraction  is  very  strong  and  its 
character  is  positive.  The  dispersion  of  the  red  rays  is  greater 
than  that  of  the  blue,  />><>,  and  is  so  strong  that  the  inter-- 
ference  figure  resembles  that  of  titanite.  Owing  to  the  strong 
dispersion  of  the  axes  that  of  the  acute  bisectrix  is  not  apparent^ 

In  thin  sections  parallel  to  the  base  small  interpositions  of 
calcite  appear  which  are  usually  situated  with  their  principal 
axes  vertical  and  give  very  perfect  uniaxial  figures.  The  forma- 
tion of  these  interpositions  was  probably  nearly  contemporaneous 
with  that  of  the  manganopectoiite  itself,  for  in  some  cases  they 
appear  idiomorphic  and  in  others  they  occur  a!4  irregular  grains. 
Other  inclusions  are  entirely  wanting. 

The  crystals  weather  in  such  a  way  that  a  brown  coating  of 
manganese  oxide   is  formed   which   is  completely  opaque.     lo 
some  cases  this  oxide  of  manganese  has  completely  replaced  the 
manganopectoiite. 

Like  pectolite,  this  mineral  must  be  considered  as  a  zeolite 
for  on  being  heated  to  a  115°  C.  it  gives  oS  only  0.25  per  cent 
of  water.  When  the  temperature  is  raised  to  a  low  red  heat 
1.15  per  cent  additional  water  is  lost  and  finally  at  bright  red 
heat  it  becomes  anhydrous.  It  is  probable  that  some  of  the  1  15 
per  cent  lost  at  a  low  red  heat  is  the  0.82  per  cent  carbonic  acid 
which  the  mineral  contains.    Manganopectoiite  dissolves  slowly 
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in  coDcentrated  hydrochloric  acid  leaving  finely  divided  silica 
behind.  It  melts  to  a  glass  only  at  a  very  high  heat.  The 
spectroscope  shows  the  presence  of  lime  and  sodium  and  a  small 
portion  of  the  mineral  fused  with  sodic  carbonate  gives  the  char- 
acteristic bluish  green  color  of  manganese. 

Eucolite. — According  to  Brogger  (Syenitpegmatitgange,  p. 
489)  all  those  crystals  which  have  the  form  of  eudialyte  and  es- 
sentially its  chemical  composition,  but  negative  double  refraction 
in  place  of  positive,  are  to  be  considered  eutcolite.  It  appears, 
therefore^  that  the  yellowish  brown  crystals  bearing  a  great  re- 
semblance in  form  and  size  to  eudialytOi  but  which  are  charac- 
terized by  their  negative  double  refraction,  are  to  be  classed 
snder  this  head.  The  crystals  which  appear  in  the  Arkansas 
rock  are  of  a  much  lighter  brown  or  brownish  yellow  color  than 
those  from  Norway.  The  cleavage  parallel  to  the  base  (0001)  is 
much  more  pronounced  than  in  eudialyte,  but  in  other  direc- 
tions it  is  about  equally  poor  with  that  already  noted. 

The  following  faces  have  been   observed  (fig.  20) :   c=Oi^ 
(0001),  B=+R  (1011),  d=^iR  (0112),  ^=ooP  (1010),  a-ooP2 
(1030).     Some  of  the  angles  between  these  faces  and   the  base 
have  been  measured,  but  the  poor  reflec- 
tions prevent  the  obtaining  of  accurate 
results.    The  angles  recorded  are  prob- 
ably not  nearer  than  from  15'  to  30'  to  the 
true  angles.     Owing  to  these  large  limits 
of  error,  it  is  impossible  to  calculate  any  Me<a>M. 
axial  ratio  for  this  mineral,  but  the  angles  as  measured  do  not* 
differ  very  much  from  the  corresponding  angles  of  eudialyte. 

Angle.  MeMured.  Calcaiated. 

c  :  d  (0001)  :  (0113)         50°  4^  30"         50°  43'    6" 
e  :  R  (0001) :  (lOll)         67    12  67    46    24 

0  :  a  (0901)  :  (1120)         89    63  90 

e  :  g  (0001)  :  (1010)         90    26  90 

The  specific  gravity  taken  in  the  same  yny  as  that  of 
tndialyte  gave  2.6244  to  2.6630  at  15°  C.  This  is  extremely- 
low,  but  even  after  bringing  in  a  correction  for  adhering  ortho- 

17  OMkiglcal;  Tol,  li.,  ItM. 
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clase  (sp.  gr.=2.55 — 2.62)  the  figures  would  not  be  much  higher* 

Hardness  5  to  5.6. 

Iq  thin  sections  this  mineral  appears  semi-transparent,  and 
is  of  a  white  to  a  very  light  yellow  color.  In  convergent  polar- 
ized light  a  section  perpendicular  to  the  principal  axis  shows  a 
black  cross  which  when  tested  with  a  mica  plate  establishes  the 
negative  character  of  the  double  refraction  very  plainly.  Mag- 
netite and  ffigirite  appear  to  be  only  inclusions.  Some  crystals 
were  found  which  were  made  up  of  both  pink  and  yellowish 
brown  material,  and  in  these  cases  it  was  always  found  that  the 
former  was  positive  and  the  latter  negative. 

Wilhelm  Ramsay  in  his  '^Geologische  Beobachtungen  auf 
den  Halbinsel  Eola"*  has  observed  that,  in  the  eudialyte  of  the 
nepheline  syenite  which  he  describes,  both  positive  and  negative 
as  well  as  isotropic  zones  appear,  but  that  no  difference  in  color 
nor  in  the  indices  of  refraction  between  the  various  parts  was 
detectable.  Ramsay's  observations  were  made  by  means  of  a 
selenite  plate  on  sections,  which  were  slightly  inclined  to  the 
principal  axis,  while  those  on  the  Arkansas  mineral  were  made 
by  means  of  a  quarter-undulation  mica  plate  on  sections  parallel 
to  the  base. 

From  the  low  specific,  gravity  and  hardness,  as  well  as  the 
want  of.  complete  transparency  in  the  eucolite  crystals,  it  is 
almost  certain  that  these  crystals  are  decomposed  or  weathered 
eudialyte.  To  these  facts  may  be  added  the  observations  that, 
in  cases  where  the  eudialyte  has  begun  to  weather,  it  is  found  Iq 
the  form  of  pink  grains  surrounded  by  a  sofl,  yellowish  brown 
powder,  which  resembles  very  closely  the  eucolite  just  described* 
Moreover,  it  is  probable  that  the  yellowish  coatings  observed  on 
the  surface  of  the  eudialyte  crystals  already  described  are  made 
up  of  this  same  brownish  yellow  mineral.  A  determination  of 
the  amount  of  water  in  a  specimen  of  the  eucolite  would  be  of  use 
in  deciding  the  question  of  its  origin. 

S.    EleolUe  Porphyry. 
Eleolite  Porphyry  is  characterized,  according  to  the  division 

*FennU,  BuUetia  de  la  SocUtfi  deg(igraphle  de  Flnlaiid,  Tone  Itl.,  Mo.  7, 
43  and  48. 
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t)f  rocks  adopted  *  in  this  report,  by  the  oocarrence  of  pheno- 
"cryets  of  eleolite  imbedded  in  a  fine-grained  to  aphanitio  gronnd- 
mass^  consisting  of  eleolite,  segiritei  etc.,  and  by  the  absence  of 
feldspar  among  the  phenoorysts.  In  cases  where  the  feldspar . 
predominates  the  rock  is  considered  to  incline  towards  tin- 
gndite. 

Eleolite  porphyry  occurs  at  several  points  in  the  Cove  but 
in  scarcely  two  of  them  does  it  appear  in  exactly  the  same  form. 
It  sometimes  appears  as  a  mass  of  yellowish  or  pinkish  pheno- 
-crysts  of  eleolite  4  to  5mm  in  size  imbedded  in  a  dark  crystalline 
^ronndmass.  These  crystals  form  at  least  50  per  cent  of  the 
rock.  In  other  cases  the  eleolite  .is  much  less  freqnent  in  its 
occurrence  and  is  then  almost  always  of  a  beautiful  pink  color. 
In  such  cases  as  the  preceding  the  ground  mass  is  dark  and  dis- 
tinctly crystalline. 

Still  another  variety  of  this  rock  occurs  in  which  the  eleo*- 
lite  has  become  very  indistinct  and  the  groundmass  has  lost  its 
tsrystalline  appearance  and  has  become  much  finer  grained.  This 
last  variety  is  very  hornstone-like  in  its  characteristics. 

a.     Coarse-grained  Eleolite  Porphyry. 

When  the  coarse-grained  variety  of  eleolite  porphyry  is  ex-, 
amined  under  the  microscope  the  porphyritic  structure  is  very 
evident.  The  large  phenocrysts  of  eleolite  are  imbedded  in  a 
groundmass  of  smaller  crystals  of  the  same  mineral  and  of  diop- 
8ide  which  form  a  completely  holocrystalline^  fine-grained  base 
of  a  greenish  color. 

Eleolite  of  the  first  generation  occurs  in  large  hexagonal 
prisms  whose  heighth  and  diameter  are  about  equal.  It  is  of  a 
yellowish  or  pinkish  color  and  shows  the  characteristic  oily  lus- 
tre very  distinctly. 

Under  the  microscope  the  eleolite  crystals  appear  in  hexa- 
gonal or  rectangular  sections  and  are  easily  recognized  by  their 
optic  properties.    They  are   usually    filled   with  innumerablci 

^  Botenbatch  states  rMikrooooplsche  Phf  siognphie,  Band  II.,  1887,  p.  280)  that  eleolite 
porphjry  Is  characterised  bf  pheoocrf sts  of  nepheline  aod  alkali  feldspar,  but  lo  this  rack  the 
feldspar  has  beeo  reduced  to  a  minim  am  and  eleolite  or  nephelioe  cr/stals  constitute  all  tha 
phenocrrsts. 
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small  gas  inclasions  which  take  the  form  of  minute  dots  and 
slender  rods.  The  latter  are  not  more  than  0.007mm  in 
length  and  of  abont  one-tenth  that  thickness,  while  the  dots 
are  not  more  than  0.0005mm  (one  fifty  thousandth  of  an  inch) 
in  diameter.  These  rods  and  dots  are  all  arranged  in  lines 
parallel  to  the  principal  axis  and  are  so  close  together 
(0.002mm)  that  without  the  use  of  high  magnifying  powers  they 
give  the  appearance  of  a  striation  parallel  to  the  vertical  axis.' 
The  smallest  of  these  inclusions  appear  black  owing  to  the  total 
reflection  of  light  which  takes  place  inside  of  them.  In  certain 
zones  inclusions  of  large  size  occur  and  give  a  banded  appearance 
to  the  crystals.  No  liquid,  inclusions  have  been  detected  in 
either  the  large  or  small  cavities;  mineral  inclusions  are  likewise 
wanting.  Along  the  cracks  of  the  crystals  decomposition  haa 
often  taken  place  with  the  formation  of  the  usual  decomposition 
*  products. 

EUolUe  of  the  second  generation  is  in  much  smaller  crystals 
than  that  of  the  first  generation,  and  it  also  shows  a  tendency 
towards  idiomorphism.  The  crystals  have,  however,  in  most  cases, 
continued  their  growth  after  the  formation  or  the  beginning  of 
the  formation  of  the  diopside  crystals  so  that  although  the  cen- 
ters of  the  crystals  are  clear  and  free  from  inclusions  the  edgea 
include  completely  and  partially  formed  crystals  of  diopside. 
Inclusions  like  those  in  the  eleolite  of  the  first  generation  are 
found  also  in  those  of  the  second. 

Diopeide  occurs  in  both  idiomorphic  and  allotriomorphio 
crystals  which  appear  under  the  microscope  a  light  yellowish 
green  in  the  center  and  a  darker  green  near  the  outside.  They 
are  comparatively  small  and  show  distinctly  by  their  form  and 
position  that  they  crystallized  after  the  eleolite  of  the  first  gen- 
eration, but  that  their  formation  began  before  that  of  the  eleolite 
of  the  second  generation  ceased.  The  cleavage  and  crystal 
forms  are  as  usual. 

The  diopside  is  very  slightly  pleochroitic  and  its  angle  of 
extinction  is  large;  it  has  been  measured  in  some  cases,  where 
the  crystal  form  was  sufficiently  distinct  to  indicate  the  positiom 
•f  the  vertical  axis,  and  found  to  be  as  much  as  46^  to  60^.    No 
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sensible  dimioutioo  of  this  angle  was  observed  near  the  edge.  In 
many  cases  twins  occur  and  they  always  follow  the  law^  twinning 
^nd  composition  plane,  the  orthopinacoid  (100).  In  some  cases 
the  twinning  takes  place  in  such  a  way  that  there  is  only  a  thin 
plate  in  the  twinned  position  included  between  two  portions  of 
the  principal  crystal. 

Mdanitt  occurs  in  small  crystals  which  differ  in  no  way 
from  those  already  described  (p.  212). 

BiotUe  is  rare  and  when  present  is  always  of  secondary 
origin. 

litanite  is  common  and  appears  in  comparatively  large, 
idiomorphic  crystals  of  the  usual  form. 

Mdgndite  is  scarce. 

The  order  of  succession  in  which  the  minerals  were  formed 
is  as  follows :  Titanite  and  magnetite,  eleolite  of  the  first  genera- 
tion, diopside,  eleolite  of  the  second  generation,  melanite,  biotite, 
decomposition  minerals. 

A  chemical  analysis  of  this  rock  made  by  the  Survey,  W. 
A.  Noyes,  analyst,  gave  the  following  percents : — 

Analysk  of  deolUe  porphyry, 

810, 44,50 

TiO, 1.40 

A1,0, 22.96 

Fe,0,  (incL  FeO) 6.84 

CaO 8.66 

MgO 1.65 

K,0 4.83 

Na,0 6.70 

H,0  (loss  on  ignition) 2.06 

Total 99.59 

This  evidently  connects  this  rock  directly  with  the  eleolite 
-syenite  of  the  cove  and  ridge  types  and  not  with  the  Diamond 
-Jo  type. 

b.     Fine-grained  Eleolite  Porphyry. 
This  form  of  eleolite  porphyry  is  a  dense,  dark  rock  with 
less  frequent  pink  crystals  of  eleolite  and  differs  from  the  rock 
Just  described  in  the  following  points : — 

The  groundmass  contains  orthoclase  in  poorly  defined  crys- 
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tals  whichy  together  with  the  secondary  eleolite,  make  up  the^ 
most  of  the  mass. 

Maoh  secondary  biotite  is  found  in  most  of  the  slides  oP 
this  variety  of  rock.    It  occurs  in  short,  thick  plates  of  a  brown- 
ish color  and  shows  strong  pleochroism.    It  is  scattered  more 
plentifully  through  the  eleolite  than   through   the   orthoclase^ 

crystals. 

In  many  cases  melanite  has  been  observed.    It  is  often 

almost  filled  with  small  eleolite  crystals  which  give  it  a  honey- 
combed appearance.  It  also  occurs  in  small,  sharp,  isotropia 
crystals. 

The  crystals  of  the  groundmass  already  mentioned  are  inter- 
mingled with  quantities  of  minute,  green  crystals  (0.004mm  ia 
diameter)  which  are  thick  prismatic  or  irregular  in  form  and  are 
much  rounded  on  the  edges.  They  are  often  grouped  together  in 
such  a  way  as  to  indicate  the  previous  existence  of  larger  crys-< 
tals  of  the  same  substance.  These  minute  crystals  have  a  large 
angle  of  extinction  and  little  or  no  pleochroism  and  are  probably 
diopside. 

The  phenocrysts  of  eleolite,  like  those  in  the  preceding- 
rock,  are  often  much  decomposed.  The  most  important  altera- 
tion product  is  cancrinite. 

The  hornstone-like  variety  of  this  eleolite  porphyry  is  the- 
rock  which  has  already  been  mentioned  (page  177)  as  the  one- 
whose  true  character  is  hard  to  determine  even  under  the  mi- 
croscope. It  often  presents  a  bluish  gray,  hornstone-like  appear- 
ance and  on  account  of  a  complete  absence  of  sharp  crystals, 
might  easily  be  mistaken  for  the  metamorphosed  shale  described 
later.  It  may  perhaps  be  described  by  the  name  eleolite  felsite- 
or  felsitic  eleolite  syenite. 

Its  groundmass  consists  of  an  extremely  fine-grained,  doubly 
refracting  mass  whose  character  cannot  be  definitely  determined 
and  in  which  are  scattered  numberless,  extremely  minute,  color- 
less or  slightly  greenish  crystals  which  probably  represent  the 
small  diopside  crystals  described  under  the. last  rock.  Larger- 
prismatic  crystals  of  the  same  mineral  also  occur.  When  doeely 
examined  macroscopically  spots  are  observed  in  the  rock  wbicK 
have  a  slightly  pinkish  color  and,  although  not  sharply  defined^ 
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have  a  decidedly  different  appearance  from  the  rest  of  the  rock. 
Under  the  microscope  these  appear  to  be  still  finer  grained  than 
the  rest  of  the  rook  and  to  be  somewhat  purer  in  substance.  It 
is  probable  that  had  the  rock  had  more  time  in  which  to  solidify 
these  spots  would  have  become  eleolite  crystals.  The  rock  on 
the  whole  presents  such  an  appearance  that  it  may  well  be  re- 
garded as  merely  a  more  quickly  cooled  form  of  the  last  described 
rock  which,  had  it  solidified  more  slowly,  would  have  presented 
the  same  form  as  the  latter. 

A  chemical  analysis  of  this  rock  made  by  the  Survey,  W. 
A  Noyes,  analyst,  shows  very  distinctly  that  it  belonged  to  the 
igneous  and  not  to  the  metamorphic  rocks  since,  except  in  the 
case  of  a  direct  contact,  it  is  difficult  to  conceive  of  enough 
alkali  being  added  to  a  shale  to  give  it  the  composition  .shown 
below.  In  order  that  this  analysis  may  be  compared  with  those 
of  some  of  the  shales  from  the  same  geologic  formation  to  which 
the  eleolite  felsite  must  be  referred  if  it  is  of  sedimentary  origin 
four  analyses  of  shales  made  by  the  Survey,  B.  N.  Brackett, 
analyst,  are  placed  along  with  it. 

Comparison  of  analyses  of  eleolite  felsite  and  certain  shales. 


OONSXnUKNTS. 

I. 

II. 

Til. 

IV. 

i 

V. 

Magnet 
Cote, 

IJtU« 
Rook. 

Boaod 
Moantain 

Round 
Mountain. 

Fort 
Smith. 

Tin 

51.85 
0.80 

20.21 
4.90 
4.01 
5.75 
1.58 
6.68 
4.48 

(?) 
0.06 

0.04 

0.28 

66.80 

57.12 

64.04 

58.43 

AliOft 

28.89 
9.29 
0.26 
0.36 
1.49 
1.86 
2.76 
5.16 

24.32 
7.89 
0.48 
0.72 
1.74 
2.07 
0.53 
7.58 

21.55 
4.78 
0.26 
0.59 
0.96 
1.56 
0.80 
5.94 

22.50 

FeaOi 

8.11 

PeS,- 

0.20 

^»"    a~......  ............  ..................  ..a 

McO 

0.82 
1.14 

^•^^' ••••••*••••■•••••••••  ■•••••••••■•• 

2.18 

ftmJCi 

1.03 

H,0  

6.87 

SO. .«      ««....^.» 

'  f  V0   ••«•••••*•••  •••«••  ■••*••«••»■•■•••»•••• 

JOtftl  ••••••••••*«•••«••••••••••»•• 

100.04 

1000)7 

102.40 

100.48 

106.87 
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I.  Eleolite  Felsite  from  the  "Ridge,"  100  yards  north  of  Dr. 
Thornton's  hoase,  Magnet  Cove,  Ark.    Analyzed  by  W.  A.  Noyes. 

n.  Shale  from  the  railway  out  at  the  south  end  of  the  upper 
bridge,  Little  Bock,  Ark.    Analyzed  by  R.  N.  Brackett. 

m.  Shale  from  Bound  Mountain,  5  N.,  10  W.,  section  6,  Ark. 
Analyzed  by  B.  N.  Brackett. 

IV.  Dark  gray  shale,  Bound  Mountain,  5  N.,  10  W.,  section  6, 
Ark.    Analyzed  by  B.  N.  Brackett. 

V.  Friable,  yellow  shale  800  feet  south  of  rifle  pits  on  '^Nigger 
Hill''  south  of  Fort  Smith,  Ark.    Analyzed  by  B.  N.  Brackett. 

Many  other  rocks  which  are  apparently  similar  to  this  occur 
(page  196)  along  the  Cove  ridge  and  in  every  case  the  questioa 
of  their  origin  presents  itself.  It  is  probable  that  in  some  ca^es 
they  should  be  classed  with  these  felsitic  rocks,  but  there  are  also 
very  many  metamorphosed  sedimentary  rocks  among  them  which 
it  is  difficult  to  distinguish  from  the  felsite  without  the  aid  of 
chemical  analyses  and  microscopic  sections.  These  rocks  have 
been  classed  under  the  head  of  ^'hornstone''  and  will  be  described 
later  among  the  ^'contact  rocks.'^ 

4.     EleolUe  Tingudile, 

Eleolite  tingudite  is  characterized  by  the  occurrence  of 
phenocrysts  of  orthoclase  or  sanidine  imbedded  in  a  groundmass 
of  feldspar^  eleolite^  etc.*  It  forms  narrow  bands  crossing  '^The 
Ridge"  in  an  east-southeast  direction  at  several  points  whose 
locations  are  described  in  the  preceding  chapter.  It  is  of  a 
gray  or  black  color  and  the  white  orthoclase  phenocrysts  stand 
out  sharply  from  the  groundmass.  The  rock  breaks  easily  and 
shows  a  waxy  fracture.  The  only  phenocrysts  which  have  beea 
observed  are  large  orthoclase  crystals  which  not  uncommonly 
reach  a  diameter  of  20mm,  but  vary  much  in  size  in  the  different 
specimens.  They  are  always  thin  tabular  parallel  to  the  clino- 
pinacoid  (010)  and  thus  resemble  sanidine,  but  they  are  opaque 
and  of  a  white  color  and  do  not  possess  the  characteristically  glassy 
appearance  of  sanidine.  Under  the  microscope  the  rock  appears 
porphyritic  and  shows  a  fioe-grained,  allotriomorphic  granular 

«  Under  the  head  of  "BlaeolithsfenitporphjTe'*  (Mik.  Phfs.,  B.  II.,  1887,  p.  Mt) 
Rosenbusch  mentioos  it  rock  from  the  Pefloaeda  Mt.,  Tyrol,  deocribed  by  Pdlter  (Jahrb.  k.  k . 
BeichBanatalt,  Baod  XXV.,  1875,  p.  226^  in  which  mach  the  same  order  of  ciyitalliaatloa  wm 
•bierred. 
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^roundmass  in  which  are  imbedded  the  pheDocrysts  of  sanidine 
and  which  itself  consists  of  a  confused  mixture  of  sanidine,  eleolite 
and  secondary  mica,  with  here  and  there  some  of  the  bisilicates. 

Orihodase  {sanidin^  of  the  first  generation  variesi  as  has  been 
stated  above,  between  wide  limits  in  point  of  sice,  but  in  all  cases 
it  has  the  same  general  characteristics.  The  only  faces  which 
have  been  observed  on  it  are  OP  (001);  noPSo  (010);  cx)P  (110) 
«nd  +-PS>  (101). 

Under  the  microscope  it  is  usually  only  semi-transparent  an<] 
«hows  the  ordinary  cleavage-planes  and  angle  of  extinction  of 
potash  feldspar.  In  convergent  polarised  light  it  shows  a  very 
small  optic  angle  which,  although  it  has  not  been  measured,  is 
evidently  not  over  10  or  15  degrees  in  ordinary  light.  The 
plane  of  the  optic  axes  in  all  cases  which  have  been  observed, 
lies  parallel  to  the  clinopinacoid.  The  crystals  are  very  free  from 
all  kinds  of  mineral  inclusions  but  they  contain  both  liquid  and 
gaseous  inclusions  in  small  quantities.  Twins  according  to  the 
Oarlsbad  law  are  not  uncommon  although  the  single  crystals  pre- 
"dominate. 

It  is  evident  from  the  above  mentioned  characteristics  that 
the  feldspar  is  sanidine  rather  than  orthodase. 

Orthoclase  {sanidine)  of  the  second  generation  appears  only 
under  the  microscope  and  is  invisible  to  the  naked  eye.  It  forms 
irregularly  bounded  crystals  which  are  usually  filled  with  inclus- 
ions of  secondary  biotite  and  dust-like  magnetite;  It  may  be 
recognised  as  potash  feldspar  by  its  characteristic  cleavage, 
extinction  and  behavior  in  polarized  light.  The  individual  crys- 
tals of  this  mineral  which  form  the  groundmass  are  so  massed 
together  that  every  indication  of  crystal  form  is  lost  where  they 
Join  each  other;  where  they  come  in  contact  with  the  residual 
groundmass  they  are  corroded  and  eaten  away  until  no  exterior 
tsrystal  form  remains.  They  are  often  0.6mm  in  diameter  and 
form  a  good  part  of  the  groundmass,  the  rest  of  which  consists  of 
amaller  crystals  of  potash  feldspar,  which  are  evidently  of  a  still 
later  formation,  and  which  contain  even  more  biotite  and  other 
impurities. 

BleoliU  {nepheline)  is  very  scarce.    There  are  a  few  small 
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crystals  of  oabcrinite  in  the  gronndmass  which  may  have  been 
derived  from  eleolite  and,  in  a  few  instances,  the  nndeoomposed 
mineral  has  been  observed  surrounded  by  decomposition  pro- 
ducts. The  undecomposed  material  gave  a  uniaxial  cross  and 
negative  double  refraction.  The '  amount  of  sodium  present 
indicates  either  that  the  feldspar  is  very  rich  in  that  element  or 
that  some  sodium  mineral  is  present  in  appreciable  quantities. 

Secondary  biotiU  occurs  scattered  through  the  feldspar  of 
the  second  or  third  generation  in  the  form  of  irregular  plates  of 
a  reddish  brown  color.  It  is  probably  due  to  the  decomposi- 
tion  of  some  original  bisilicate.  The  plates  are  usually  either 
very  small  (0.05mm)  or  else  they  are  completely  honey-combed 
in  their  structure  and  include  the  light  colored  silicates  within 
their  borders. 

Secondary  magndiU  appears  in  the  form  of  long  rods  and  in 
irregular  masses  which  often  indicate  by  their  arrangement  some 
decomposed  bisilicate. 

A  chemical  analysis  of  this  rock  was  made  by  the  writer 
with  the  following  results : — 

Analysis  of  ekoliie  tingudiie. 

SIO, 58.76 

TIO2 none 

AlA 23.21 

FeA 1.27 

FeO 8.18 

CaO 2.W 

8rO 0.04 

MnO .'. none 

MgO 0.23 

K,0 7.01 

Na^O  6.97 

LI^O trace 

CI 0.02 

PjOa -  trace 

Lo'bs  on  ignition 1.71 

Total 100.84 

The  above  analysis  shows  that  the  rock  is  entirely  free  from 
titanium  and  associated  elements,-  but  the  large  amount  of  alkali 
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preseDt — Dearly   14    per  oent — shows  its    probable  associatioi^ 
with  the  syenilio  rock. 

Taken  as  a  whole  the  rock  is  very  unsatisfaotorj  from  a  pet- 
rographio  point  of  view.  With  the  exception  of  the  large  pheno- 
crysts  of  orthodase  (sanidine)  and  in  a  few  instances  of  the^ 
eleolite  no  crystals  appear  which  are  well  defined  or  distinctly 
characterized.  Were  it  not  for  the  great  size  of  the  phenocrysta 
and  'of  the  close  correspondence  of  the  chemical  analysis  with 
that  of  the  eleolite  syenite  (Diamond  Jo  type)  and  of  the  leucite 
syenite  dike  rocks^  the  rock  would  be  considered  a  meta- 
morphosed sedimentary  bed,  bnt  for  the  reason  just  stated  it  ia 
classed  in  the  group  of  the  tingudites. 

C.    Lencitic  Like  Rocks. 

1,    LeucUe  Syenite  Dike  Rock,* 

The  leucite  syenite  dike  rock  as  it  occurs  in  the  Magnei 
Gove  region  is  a  hypidiomorphic  granular  combination  of  pseudo- 
leuciteit  eleolite,  orthoclase,  and  basic  silicateSi  which  presents  a 
more  or  less  perfect  granitic  structure  and  is  genetically  con- 
nected with  the  eleolite  syenite  dike  rocks. 

This  exceedingly  rare  and  as  yet  almost  unstudied  rock 
forms  a  comparatively  large  mass  in  Magnet  Cove  and  is  directly 
associated  with  the  eleolite  syenite  of  the  Diamond  Jo  type> 
(p.  233).  It  is  macroscopically  distinguished  by  the  large 
pseudoleucite  crystals  which  are  imbedded  in  a  finer  grained 
groundmass  and  give  a  very  characteristic  appearance  to  the 
rock.  This  groundmass  consists  principally  of  eleolite,  black 
garnets  and  feldspar  all  of  which  are  easily  distinguished  with- 
•ut  the  use  of  a  glass.  The  difference  in  the  size  of  the  pseu- 
doleucite crystals  and  the  other  constituents  in  many  cases  givea 
to  the  whole*  a  somewhat  porpbyritic  appearance  although  a  true 

*  Boaenbusch  (Mik.  Phys.,  Band  IL,  1887,  p.  607)  sUtea  Uiat  it  is  one  of  the  most  Btrik^ 
log  facts  in  the  whole  field  of  petrogr  aphf  that  the  mineral  leucite,  which  so  far  as  is  known 
ooeoTBonly  in  the  yoanger  eniptite  rocks,  was  not  formed  until  the  later  periods  of  the  earth*s 
hiatory. 

t  The  term  j^MudeUueUe  is  used  to  designate  that  mineral  which  ocenrs  so  plentifnllj  ia 
thia  roek  and  which  is  bounded  bf  crystal  faoes  showing  that  it  was  once  a  leucite  crystals 
altbODgh  no  partlde  of  the  orlgiDal  leucite  substance  now  remains. 
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porphyritic  structure  is  not  observed  io  typical  specimens  of 
this  rock. 

Microscopically  the  groundmass  in  which  the  pseudoleucites 
lie  is  seen  to  be  somewhat  porphyritic,  in  that  the  eleolite 
^crystals  are  large  and  idiomorphically  bounded  and  lie  in  a 
hypidiomorphic  granular  groundmass  of  melanite,  diopside  and 
smaller,  idiomorphic  eleolite  crystals. 

PseudoUucUe  forms  large,  .icositetrahedral  crystals  often  5cm 
in  diameter.  The  larger  of  these  are  usually  rough  on  the  out- 
side and  indicate  that  they  have  been  strongly  acted  upon  by 
decomposing  agents.  They  are  covered  with  a  light  yellow  to 
dark  brown  coating,  but  when  broken  usually  show  a  white 
interior  with  small  crystals  of  magnetite  and  pyroxene  dissem- 
inated through  them,  £leolite  is  occasionally  imbedded  in  them 
and  forms  quite  large,  idiomorphic  individuals.  In  some  oases 
it  has  been  found  lying  half  in  a  crystal  and  half  in  the  matrix* 
The  rough  exterior  coating  of  the  pseudoleucites  is  seen  either 
macroscopically  or  with  the  aid  of  a  magnifying-glassto  be  made 
up  of  orthoclase  (sanidine)  crystals  which  lie  with  their  longer 
sides  parallel  to  the  edges  of  the  deloid  faces  of  the  icositetra- 
hedron.  On  closer  examination  these  long,  apparently  prismatic 
crystals  are  found  to  be  the  edges  of  thin,  tabular  crystals  which 
lie  with  their  symmetry-planes  (010)  perpendicular  to  the 
icositetrahedral  faces  (see  below). 

Under  the  microscope  the  pseudeleuoites  are  found  to  consist 
of  a  network  of  small,  allotriomorphically  bounded,  tabular  or- 
thoclase crystals  which  are  generally  arranged  in  radial  forms  and 
which  are  often  interspersed  with  small,  allotriomorphic  eleolite 
crystals  and  idiomorphic  pyroxenes. 

It  is  common  to  find  the  orthoclase  (sanidine)  crystals  lying 
with  their  symmetry-planes  at  right  angles  to  the  edge  of  the 
section  and  hence  forming  a  sort  of  palisade  about  th£  edge.  In 
a  medial  section  from  a  5nm  crystal  this  palisade  structure  was 
very  apparent  and  inside  of  it  radiate  masses  of  feldspar  were 
found.  These  radiate  masses  are  so  closely  bunched  together 
that  there  is  very  little  intermediate  space  left  and  oon^sequentlj 
the  only  conspicuous  mineral  in  the  section  is  orthoclase.    Eleo- 
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litei  or  rather  its  decomposition  product,  caocriaite,  is  often 
Botioed  in  very  small  grains  included  between  the  feldspar  crys- 
tals. In  the  fresher  specimens  it  seems  to  form  about  one-fourth 
of  the  whole  mass.  In  some  sections  the  eleolite  becomes  quite 
conspicuous  and  in  some  cases  even  forms  lar^^  macroscopic 
crystals. 

The  orthoclase  (sanidine)  individuals  in  the  radiate  masses 
of  the  above  mentioned  medial  section  of  pseudoleucite  when 
viewed  in  parallel  polarized  light  are  found  to  extinguish  con- 
secutively and  thus  to  have  a  Hpheroidal  structure.  The  ortho- 
•lase  (sanidine)  is  nearly  opaque,  white  and  shows  a  distinct 
basal  cleavage.  It  is  sometimes  twinned  according  to  the  Carls- 
bad law  although  single  individuals  are  the  more  common. 

The  eleolite  appears  in  a  few  cases  as  large,  yellowish,  idio- 
morphic  crystals,  but  is  a<i  a  rule  only  detectable  through  its  de- 
composition products.  These  may  be  etched  with  hydrochloric 
acid  and  stained  with  fuchsine,  but  the  results  obtained  are  not 
very  satisfactory. 

Pyroxene  exists  in  poorly  d^fioed,  greenish  prisms  which 
were  at  one  time  idiomorphically  bounded  but  which  have  since 
then  been  entirely  altered  about  the  edges  into  secondary  pro- 
ducts. From  its  color  and  extinction  it  is  probable  that  it  is. 
ffigirite.  At  best  it  is  very  scarce  and  in  the  fresher  crystals  is 
often  entirely  wanting. 

Minute  grains  of  magnetite  have  been  observed. 

In  order  to   obtain  an  idea  of  the  chemical  constitution  of 
these  most  interesting  pseudomorphs  some  of  the  freshest  crystals 
were  selected  from  the  same  rock  from  which  the  material  was 
obtained  for  the  complete  analysis  (see  later). 

The  analysis  was  made  by  the  writer  and  was  divided  into 
two  parts  as  follows :  The  portions  of  the  crystals  which  were 
soluble  and  insoluble  in  hydrochloric  acid  were  analyzed  sepa- 
rately and  a  total  analysis  was  afterwards  made  as  a  control  of 
the  sum  of  these  results.  The  method  of  treatment  was  that 
used  and  described  at  length  by  Rammelsberg  in  his  analyses  of 
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similar  crystals  from  old  Vesuvius  lava.* 

The  results  of  these  partial  analyses  and  the  sums  of  their 
xiifferent  components  as  well  as  the  check  total  analysis  are  given 
below. 


Table  of  analyaea  of  psevdoleuoUe. 


• 

ARKANSAS. 
(Willams.) 

MT.  VBSUVIU-J. 

(Bammelsberg.) 

CONSTITUENTS. 

Soluble 
part. 

Insolu- 
ble part 

(89.08) 

11.99 

0.27 
trace 
0.20 
8.42 
1.22 
trace 

Sum. 

Check 
analysis 

66.06 

24.88 

0.69 
trace 

Material  from 
Prof.  Soaochl. 

From  Professor 
Mitseberlich. 

* 

Sol. 

iQBOl. 

Sol. 

iBSOl. 

6l0t 

Jil.O,  i 

' .,,.,., 

16.08 

18.27 

0.88 

trace 

0.06 

1.92 

6.38 

trace 

(1.78) 

(66.06) 
26.26 

0.60 
trace 

0.28 
10.84 

7.60 
trace 
(1.78) 

18019 

12.11 

0.56 

(89J>1) 

11.69 

0.40 

24.00 

12.47 

0.71 

(84.78) 
11.56 

FeaO,  ) 

<3aO 

■ 

ISrO           

HvO 

0.17 
4.10 
5.50 

^H5^»  ' ••• 

K,0« 

6.84 
0.80 

2.86 
6.25 

8.64 

J^BgO  

traee 

LUO                  

H-iO  (isnitioD) 

1.78 

Total  

89.79 
88.82 

61.18 
61.18 

100.92 
100.00 

40.88 

69.14 

45.29 

SS.OO 

By  actual  weight 

Sum  '«99.97 

100.29 

*  The  finely  powilered  material  was  digested  on  a  sand  bath  for  several  hours  with 
-dilute  hydrochloric  acid  and  from  time  to  time  concentrated  acid,  in  small  quantities,  was 
added  until  the  fluid  had  attained  a  concentration  of  about  1  to  1.  The  liquid  was  then  diluted , 
filtered  through  a  quantitaiive  filter,  thoroughly  washed  and  the  residue,  filter  and  all,  was 
digested  for  one  hour  with  a  strong  solution  of  sodic  carbonate  in  order  to  remoTO  any  silica 
which  was  separated  by  the  action  of  the  hydrochloric  acid.  The  liquid  was  filtered  and  the 
treatment  with  sodlc  carbonate  was  repeated  and  the  liquid  was  then  again  filtered  and  was 
found  to  contain  litUe  or  no  additional  silica.  The  residue  was  very  thoroughly  washed  with 
water  and  dilute  hydrochloric  acid  to  remove  all  traces  of  the  sodic  carbonate  and  was  then 
dried,  ignited  and  weighed.  The  sodic  carbonate  extractions  were  acidified  with  hydrochloric 
«oid  and  evaporated  to  dryness,  heated  to  12t<^C.  In  an  air  bath,  taken  up  with  a  few  dropa  of 
hydrochloric  acid,  filtered,  dried,  ignited  before  the  blast  lamp,  weighed,  treated  with  hjdnK 
fluoric  add  and  weighed  again. 

The  filtrate  from  the  digestion  with  hydrochloric  acid  was  evaporated  to  drjaeaa 
weighed  as  above,  and  the  amount  of  silica  found  was  added  to  that  from  the  sodlc  carbonate 
treatment  and  considered  as  the  silica  of  the  soluble  portion  of  the  mineral.    The  filtrate  fh>ni 
the  silica  of  the  hydrochloric  acid  digestion  was  then  analyzed  for  iron,  alumina,  lime,  atron^ 
tia,  magnesia,  potash,  soda  and  lithia. 

The  insoluble  portion  after  beiog  weighed  was  dissolved  in  sulphuric  and  hydroflaoric 
acids  and  a  determination  msde  of  everything  except  silica  which  could  be  estimated  onlj  by 
diflbrence.    (Poggendorf's  Annalen.  Band  XCV.,  p.  142). 
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Id  order  to  compare  the  analyses  of  the  Arkansas  material 
with  those  made  by  Bammelsberg  of  the  two  specimens  of  the 
similar  minerals  from  the  old  Yesuvias  lavas  which  were  sent 
him  by  Professors  Scacchi  and  Mitscherlich  these  two  series  of 
analyses  are  placed  in  one  table. 

The  quantities  enclosed  in  parentheses  were  not  directly  de- 
termined in  the  columns  where  they  appear^  but  were  either  only 
determined  once  for  all  or  they  were  determined  as  the  difference 
between  the  sum  of  all  the  constituents  and  one  hundred.  All 
the  ^mter  or  loss  on  ignition  in  the  analyses  of  the  Arkansas 
material  was  placed  under  the  soluble  part,  becausct  as  the  in- 
soluble part  was  heated  before  the  blast  lamp  previous  to  analy- 
sis, it  was  impossible  to  determine  its  water. 

If  the  results  of  the  partial  analyses  of  the  pseudoleucites 
from  Magnet  Cove  be  recalculated  to  }00  per  cent,  they  are 
found  to  approach  very  closely  to  the  composition  of  eleolite  and 
orthoclase  respectively. 

For  the  sake  of  comparison  analyses  of  crystals  of  eleolite 
and  orthoclase  are  placed  with  the  recalculated  partial  analyses 
of  the  pseudoleucite  from  Magnet  Cove. 

Table  ahowing  rimUarUy  of  partial  analyses  of  pseudoletunte  to 

analyses  of  eleolite  and  orthoclase. 


CONSTITUENTS. 


I. 


II. 


III. 


IV. 


Sol.  pirt  of 
pseadoleucitc. 


Eleolite  from 
Magnet  Oort, 


IdboI.  part  of 
peeuaolenolte. 


Orthoclase  from 
Braill. 


»10, 

AlaOf..  .. 
FetOt  .... 

CaO 

SrO. 

MiO ...... 

KaO. 

Na,0.. .., 


H.O. 


Total. 


42.18 

84.90 

0.86 

trace 

0.21 

5.06 

16.79 


.(*) 


100.00 


44.46 


(    2.09  J 


0.66 


ft.9I 

15.61 

0.95 


100.66 


68.84 
19.61 

0.44 
trace 

0.38 
18.78 

2.00 


68.84 

19.24 

0.41 


100.00 


12.66 
2.48 
0.85 


98.98 


*  The  water  waa  omitted  from  the  analyiit  of  this  part  because  there  was  no  certalotf 
that  it  belonged  here  and  the  analysts  was  brought  to  100  per  cent  without  It. 
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I.  Soluble  portion  of  peeudoleuoite  crystals  from  Magnet  Qove^ 
Ark.,  recalculated  to  100  per  cent.     (Eleolite.) 

II.  Eleolite  from  Magnet  Cove,  Ark.  Analyzed  by  Smith  and 
Brush.  Am.  Jour.  Sci.,  Series  2,  Vol.  XVI.,  1863,  p.  871.  (See  page> 
210). 

m.  Insoluble  portion  of  peeudoleucite  crystal  from  Magnet 
Ck>ve,  Ark.,  recalculated  to  100  per  cent.    (Orthoclase.) 

IV.  Orthoclase  from  Brazil.  Analyzed  by  v.  Hauer  (Kenngott'a 
Uebersichte,  etc.,  1866-7,  p.  106.  Cited  after  Descriptive  Mineralogy^ 
by  J.  D.  Dana,  1868,  p.  367). 

It  18  evident  from  the  above  analyses  that  the  eolnble  and 
insoluble  parts  may  well  be  considered  as  consisting  of  eleolite 
and  orthoclase  respectively. 

F.  A.  Genth  of  Philadelphia  made  the  first  analysis  of  this 
pseudomorphic  material  from  Magnet  Cove  and  the  results  of  his 
examination  were  published  by  6.  F.  Kunz  in  a  paper  entitled 
''A  pseudomorph  of  feldspar  after  leucite(?)  from  Magnet  Cove,. 
Arkansas.'^"*" 

In  this  paper  Kunz  describes  the  mineral  as  it  occurs  in  ita 
most  weathered  form.  It  was  of  such  a  crystal  that  Genth  made 
his  analysis,  and  consequently  his  results  correspond  more  nearly 
with  the  analysis  of  similar  material  from  Oberwiesenthal  and 
Vogelsberg  than  with  those  of  fresh  material  from  the  Arkansas 
rock. 

It  is  apparent  that  the  material  which  Genth  analyzed  i» 
very  unlike  that  used  by  the  writer  in  his  experiments  and  henoe 
no  direct  comparison  between  the  two  can  be  made.  Both  speci- 
mens show,  however,  that  leucite  is  the  mineral  from  which  the 
pseudomorphs  were  formed.  These  analyses  show  that  eleolite^ 
is  present  in  mQch  smaller  quantities  in  the  large,  much  decom- 
posied  crystals  than  in  the  smaller,  fresh  ones  and  with  this  codcIq- 
sion  %he  results  obtained  from  the  optic  examination   entirely. 

agree. 

The  result  of  Genth's  analyses,  which  he  compares  witk 

*  Pr«oeedlog<  of  ib«  A.  A.  A.  &,,  Vol.  XXXIV.,  Ann  Arbor  mMting.    1885.    Saleai,. 
Alio  Am.  Joar.  Sci.,  Seriflt  Z,  Vol.  XXX f.,  1888,  p.  74. 
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those  of  Bergemann*  from  Oberweisenthal  and    Knopf   from 
Vogelsberg,  are  as  follows: — 

Analyses  ofcUtered  leucUefrom  varuma  localUies. 


CONSTITUENTS. 


Bfagoet  CoTe. 
OenthC*) 


SlOa 

AlaOg.^. 
FegO,... 

MgO 

KaO 

NasO... 
H,0-.... 


60.77 
22.18 
0.44 
0.06 
1S.91 
0.86 
2.95 


Obenriesenthal 
fiergemann.  (f) 


60.46 
22.11 

l.W(t) 
1.22 

18.68 

0.61 


Vofrel8b«rg. 
Knop. 


56.61 

22.92 

2.88 


100.61 


98^1 


13.65 
2.95 
CaO     1.6S 


(*)  The  mean  of  Genth'«  two  analyses  onlj  la  given. 

(t)  Kons  probably  took  this  analysis  from  Dana's  Mineralogy,  1868.,  p.  884.  Bergemann 
states  that  1.217  per  cent  of  water  was  given  off  on  ignition.  He  considers  the  ferric  oxide 
(PeaO,)  an  imparity  bat  retains  the  ferrous  oxide  (FeO)  in  the  analysis.  Bergemann  treated 
the  ooarsety  powdered  material  with  very  dilate,  cold  hydroelilorlo  add  and  obtained  5.96  per 
cent  solable  and  98.86  per  cent  insolable  matter.  The  analysis  given  above  is  the  sum  of  the 
analyses  of  these  two  portions.  Rammeisberg  In  quoting  this  analysis  (BCineralchemle,  1875, 
p.  444)  gives  the  iron  as  oxide  (FeaOa— 2.20)  and  adds  in  the  1.22  per  cent  of  water  (HaO»1.22) 
making  a  total  of  101.26. 

it)  FeaOa—1.98  should  read  FeO— 1.96. 

The  crystal   which  was  analyzed  by  Genth  was  examined^ 
optically  by  G.  P.  Merrill  of  Washington  and  the  description  oC 
the  sections  studied   by  him  correspond  in  all  particulars  with 
observations  made  by  the  writer  on  the  medial   section  of  the- 
large,  decomposed  crystal  mentioned  above.     Merrill  (see  paper- 
by  Kunz,  p.  344)  says: — *'From  my  examination  of  the  thin  sec- 
tion I  find  the  structure  quite   homogeneous,  but  spherulitic,. 
nearly  the  entire  mass  being  made  up  of  the  small,  spherulitio 
bodies  shown  in  the  photograph  (not  reproduced).    These  bodies, 
which  are  a  millimeter,  or  upwards,  in  diameter,  consist  of  a 
central,   nearly  colorless,   mass,   non-dichroic,   but  giving  the- 
polarization  of  an  aggregate  in  faint,  iridescent  colors.     This* 
oenter  is,  in  many  cases,  stained  yellowish  by  metallic  oxides., 
^^eyond  the  center  is  a  zone  consisting  of  radiating,  columnar- 
bodies  of  indefinite  outline,  giving  no  colors   between  crossed 


*  Ueber   efne  Pfeendomorphie  des  Leaeits,  von   C.  Bergemann. 
01*«™^i  Band.  LXXX.,  1860,  p.  418. 

t  Jahrbach  f.  Mineralogle,  Jahrg.  186S,  p.  486. 
18  Oeologieal;  Vol.  iU,  1890. 
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Dicols  bat  showing  their  greatest  extinction  nearly  always  paral- 
lel to  lines  drawn  from  the  center  of  the  sphernlite  toward  the 
eireamference.  The  spaces  between  these  columnar  bodies  are 
filled  with  the  satae  colorless  aggregate  as  the  central  portions  of 
the  spherulites.  These  last,  it  may  be  stated,  are  not  in  all  cases 
spherical  in  outline,  but  often  irregularly  elongated,  having 
evidently  interfered  with  one  another  in  process  of  formation. 
Those  towards  the  center  of  the  crystal  are  most  elongated, 
while  those  toward  the  outer  portion  of  the  crystal  are  less 
closely  compacted  and  hence  possess  a  circular  outline,  as  seen 
in  the  plate.  The  difference  in  shape  is,  so  far  as  I  can  deter- 
mine, the  only  distinguishing  feature  between  the  outer  crust  of 
the  pseudomorph  and  the  more  compact  interior. 

''What  I  have  written,  you  perceive,  furnishes  no  clew  what- 
ever as  to  what  the  original  mineral  may  have  been,  and  I  am 
able  to  obtain  no  measurement  of  extinction  or  cryst&llographio 
angles  that  shall  help  me  in  the  least.'^ 

In  the  conclusion  of  the  paper  Kunz  suggests  that  from  the 
fact  that  the  outer  shell  of  these  crystals  breaks  off  easily  they 
may  be  alterations  of  garnets  and  adds  that  the  point  of  break* 
ing  may  be  the  point  of  contact  of  the  garnet  with  schorlomite 
which  is  usually  inclosed  in  it.  He  says,  however,  that  the 
similarity  between  the  analysis  of  this  material  and  that  made 
by  Bergemann  of  a  feldspar  pseudomorph  (closely  resembling 
oligoclase  in  composition)  after  lencite  from  the  Oberwiesenthal 
in  Bohemia  (I.  c.)  suggests  very  strongly  the  identity  of  the  two 
minerals  and  the  derivation  of  the  Magnet  Cjve  pseudomorph 
from  leuoite.  Kunz  then  suggests  the  possibility  of  the  existence 
of  large  quantities  of  this  mineral  at  th6  Cove  (See  page  208)« 

An  occurrence  of  crystals  similar  to  the  pseudoleucites  has 
been  described  by  Hussak  *  from  Brazil  in  a  letter  to  the  editor 
of  the  the  Neues  Jahrbuoh  fiir  Mineralogie. 

The  groundmass  of  the  leucite  syenite  resembles  very 
•closely  the  eleolite  porphyry  already  described  (See  p.  269),  It 
is  a  hypidiomorphic  granular  mixture  of  eleolite,    orthoclase, 

•  Ueber  Leucit-FMudokrystalle  im  Pbonolith  (Tlnguaite)  der  Sem  de  Tlngua,  Bstado 
Bio  d«  Jsoelro,  Bnxil,  Ton  E.  Huink.  N.  Jabrb.  fQr  Mineralogie.  Jabrgang  1890,  Baad 
I,  p.  167. 
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pyrozeney  biotite  and  melanite  in  which  the  eleolite  is  by  far  the 
most  prominent  member.  It  appears  as  phenocrysts  in  a  fine- 
grained base  consisting  of  smaller,  idiomophio  eleolite^  biotite 
and  melanite  crystals. 

EleolUe  occurs  in  idiomorphic  crystals  of  a  short  prismatic 
form  and  differs  in  no  respect  from  that  already  described.  In 
inclusions  and  decomposition  products  it  is  also  identical  with 
other  eleolite  crystals.  Their  size  is  the  only  indication  that 
the  crystals  are  of  a  younger  generation  than  the  larger 
-crystals  since  they  are  idiomorphic  in  form. 

OrihocloM  is  scarce  and  appears  in  small  translucent  crys- 
tals tabular  parallel  to  theclinopinacoid  (010)  which  are  generally 
twinned  according  to  the  Carlsbad  law.  The  optic  axis  angle 
is  rather  smally  but  not  as  small  as  that  usually  found  in  sanidine 
and  as  the  glassy  appearance  is  entirely  wanting  the  mineral 
-may  better  be  classed  as  orthoclase  than  as  the  latter. 

SodalUe  has  not  been  observed  under  the  microscope  but 
from  the  amount  of  NaCl  (0.64  per  cent)  which  was  found  in 
the  chemical  examination  of  the  rock  it  is  probable  that  it  is 
present  although  not  optically  distinguishable. 

Pyroxene.  Two  minerals  which  belong  under  the  head  of 
pyroxene  have  been  observed;  the  more  important  of  these  is  a 
<;omparatively  large-grained  diopside  which  shows  considerable 
pleochroism  and  is  generally  bounded  by  a  darker  green  band. 
Its  angle  of  extinction  is  usually  about  40^  and  in  other  respects 
its  characteristics  correspond  very  closely  to  those  of  the  same 
mineral  described  in  other  rocks  from  the  same  locality. 

^girite  also  occurs  in  small  crystals  which  are  of  a  decided 
green  color  under  the  microscope  and  show  a  small  angle  of 
extinction.  It  is  evident  that  these  crystals  are  of  late  formation 
and  are  probably  of  secondary  orgin.  In  some  cases  they  show 
very  distinctly  th^t  they  have  been  formed  by  the  decompo- 
sition of  the  diopside. 

Biotite  occurs  in   thick^    irregularly  bounded  plates  which 
seldom  exceed  one    millimeter  in  diameter.     They  show    the 
-corrosive  action  of  the  magma  in  which  they  were  formed  and 
^ircy  also,  often  much  decomposed  about  the  edges. 
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Mdaniie  is  found  in  varying  quantities  in  tbe  difiSerent 
specimens.  In  some  it  is  almost  entirely  wanting  while  ia 
others  it  forms  t  very  important  factor.  It  is  of  a  rich  browa 
or  yellowish  brown  color,  decidedly  zonal  in  its  structure  and! 
isotropic  in  its  optic  properties.  It  is  usually  idiomorphically 
bounded  and  is  often  penetrated  by  eleolite  crystals  causing  it  ta 
present  a  decided  ocellar  structure.  In  some  cases  more  Ihao 
half  the  area  inclosed  within  the  boundaries  of  the  section  con- 
sists of  melanite  material. 

TUanite  in  idiomorphic  crystals  and  magnetite  in  small 
grains  are  common.     Pyriie  also  often  occure. 

The  decomposition  products  common  to  the  eleolite  syenite- 
occur  in  considerable  quantities.  Thup,  cancrinite,  calcitey.and 
undetermined  zeolites  are  often  present  in  large  numbers. 

From  the  following  chemical  analysis  (i)  the  leucite  syenite 
dike  rock  is  seen  to  be  very  closely  allied  to  the  eleolite  syenite 
of  the  Diamond  Joe  type  (ii).  In  order  to  show  this  similarity 
the  two  analyses  are  placed  side  by  side. 

Comparison  of  analyses  of  leucite  syenite  and  eleolite  syenite  from 

Magnet  Cove. 


CONSTITUENTS. 


SiO... . 
TiO,  . 
A1.0t 
Fe.Oa. 


I. 


Leucite  syenite 
dike  rock. 


II. 


Eleolite  syenite 
dike  rock. 


FeO. 


FeS-i.., 
MnO.. 


QiO. 


MgO. 


KsO. 


NajO. 

KaCl. 


SOt. 


Loss  on  ignition  ind.  COj 
Total 


••■ •••«•••••••• 


4.90Fe2Oa 


(*)  M attrial  dried  at  186<>  C. 
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I.  Leuoite  syenite  from  near  Diamond  Jo  qaarryi  Magnet' Ck>ve, 
vnaly.  by  W.  A.  Noyes. 

n.  Eieolite  syenite  from  Diamond  Jo  qaarry,  Magnet  Ck>ve, 
analy.  by  R.  K.  Brackett.    (See  page  238). 

The  silica  of  the  leucite  syenite  is  two  and  a  half  per  cent 
•lower  than  that  of  the  eieolite  syenite,  bat  the  other  constituents, 
and  especially  the  alkalies,  are  present  in  such  nearly  eqnal 
•quantities  that  it  is  probable  that  the  two  rocks  were  formed 
from  the  same  magma. 

This  view  is  further  substantiated  by  the  fact  that  the  two 
Took  pass  into  each  other  without  showing  any  line  of  separation 
whatever.  In  the  large  block  of  stone  west  of  the  Diamond  Jo 
•quarry  this  can  be  well  seen  (figure  10,  page  199).  The 
€gure  was  drawn  from  a  photograph  of  this  boulder  in  order  to 
«how  the  gradual  transition  from  the  leucite  into  the  eieolite 
«yenite  but  the  attempt  was  not  wholly  successful. 

The  eieolite  rock  appears  to  have  cooled  last  because  in 
every  case  where  it  is  observed  in  conjunction  with  the.  leucite 
rock  it  is  seen  to  have  formed  a  sort  of  flow  structure  around 
the  latter. 

Many  varieties  of  both  the  eieolite  syenite  dike  rock  and 
the  leucite  syenite  dike  rock  show  a  movement  in  the  magma 
during  the  cooling  and  are,  therefore,  properly  classed  among  the 
intrusive  dike  rocks. 

f .     Leucite  Tingudite. 

a.    Border  Type. 

This  type  differs  from  the  "dike  type'*  (p.  281),  the  de- 
«cription  of  which  will  follow,  both  in  its  structure  and  mode 
of  occurrence.  It  forms  a  mass  of  rock  which  is  in  all  prob- 
ability the  border  of  a  larger  mass  of  leucite  syenite  dike 
rock  and  shows  in  its  structure  no  indications  of  flow,  as  the 
dike  type  does.  It  also  differs  from  the  latter  in  its  macro- 
scopic appearance  for  in  no  case  does  it  show  the  glassy 
fracture  so  characteristic  of  the  dike  type  and  which  causes 
the  latter  to  bear  such  a  strong  resemblance  to  phonolite. 

The  leucite  tinguaite  is  found  in  both  green  and  black 
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varietidB  and  in  some  of  its  forms  might  easily  be  mistaken  for 
a  metamorphosed  sedimentary  formation  were  it  not  for 
the  more  or  less  distinct  psendolencite  crystals  which  appear 
in  it.  The  black  variety  containing  comparatively  distinct 
psendolencite  crystals  is  almost  identical  with  that  from 
Brazil,  and  on  .comparing  specimens  from  the  two  localitiea 
the  greatest  similarity  is  observed. 

'  The  Brazilian  rocks  *  of  this  type  have  been  stadied  and 
described  by  Graeff  f  fti^d  by  Machado  X  without  the  detection 
of  the  true  character  of  the  large  icositetrahedral  masses. 
Dr.  E.  Hnssak  has  been  working  upon  the  igneous  rocks  of 
Brazil  in  connection  with  Mr.  O.  A.  Derby,  for  some  time 
and  a  short  resume  of  their  work  was  read  by  Derby  before 
the  American  Association  for  the  Advancement  of  Science  at 
the  Indianapolis  meeting  in  1890  ||.  In  this  Derby 
describes  briefly  the  Brazilian  localities  in  which  the  granitic 
type  of  nepheline  syenite,  or  foyaite,  occurs  associated  with 
typical  volcanic  eruptives  in  such  a  way  as  to  show  that  it  is 
a  volcanic  rock  in  the  most  restricted  sense  of  the  term. 
Moreover  the  habit  of  many  of  the  foyaite  masses  is  that  of 
a  lava  flow.  Specimens  and  photographs  of  peculiar  polyhe- 
dral inclusions  or  pseudo-crystals  having  the  form  but  not 
the  substance  of  leucite  and  consisting  of  coarse-grained 
foyaite  imbedded  in  a  fine-grained  phonolitic  groundmasa 
were  exhibited. 

It  thus  appears  that  Hussak  and  Derby  found  the  '*  in-^ 


«  The  writfOr  is  greatly  indebted  to  Dr.  Qeoiice  H.  Williams  of  John  Hopkina  Unire  re- 
alty for  a  Bpecimen  of  rock  similar  to  this  leucite  tinguilte  and  from  the  already  renowned  BntziU 
ian  locality,  also  to  Mr.  OnrlUe  A.  Derby,  Director  of  the  Geological  Commission  of  SIo  Paolo, 
Braail,  with  whom  he  spent  aereral  days  in  ooBaiwring  the  rocks  from  the  Brazilian  and  Arkan» 
sasregiona.  Mr.  Derby  has  made  many  Talaable  suggestions  which  have  been  gladly  adopted 
by  the  writer  and  which  have  been  made  nse  of  in  this  report  In  such  a  way  that  it  has  been 
impossible  in  every  case  to  give  the  credit  where  it  is  really  duo. 

t  Mineralogisch-petrographische  Untersuobung  Ton  Eliollthyseniten  Ton  der 
Serra  de  Tlngua,  Prov.  Bio  de  Janeiro,  Brasilieo,  von  Franc  Fr.  Oraeff.  N.  Jahrb.  fOr  Min« 
Jahrg.  1887,  Band  U.,  p.  206. 

X  Pdtrographie  der  sfldwestllchen  Grenxe  swischen  Mina»-Genes  und  S.  Panto  von 
Jordano  Machado.    Min.  u.  Pet  Mitlh.  Baud  IX.,  1888,  p.  847. 

1  Proceedings  of  the  A.  A.  A.  S„  Indianapolis  Meeting,  1890,  Vol.  XXXIX.  ^ 
Salem,  1891. 
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cIubiodb"  to  have  been  originally  leacite  cryetals  which 
coDtain  no  longer  the  leucite  material  but  a  mixture 
of  minerals  which  approaches  the  eleolite  syenite  in  its  com- 
position. 

Green  variety. — This  rock  consists  of  a  dense  green 
groundmass  in  which  are  scattered  large  phenocrysts  of 
pseudoleacite.  These  are  often  6cm  and  more  in  diameter. 
By  exercising  great  care  these  may  be  broken  out  from  the 
rock  in  such  a  manner  as  to  show  a  few  sharp  crystal 
faces  but  perfect  crystals  have  not  been  obtained. 

The  fracture  of  the  rock  is  dull  and  it  shows,  even 
macroscopically,  that  the  groundmass  consists  of  a  holocrys- 
talline  mass  of  minute  crystals  which  shows  no  tendency  to- 
wards a  fluidal  structure.  In  some  cases  there  are  large 
phenocrysts  of  biotite  but  they  are  rare.  Jet  black,  shining 
sections  of  melanite  also  occasionally  occur.  Eleolite  ap- 
pears in  large  phenocrysts  and  often  penetrates  both  the 
pseudoleucites  and  the  groundmass. 

Under  the  microscope  the  complete  absence  of  fluidal 
structure  is  a  very  striking  feature.  The  base  is  seen  to  be 
made  up  of  a  hypidiomorphic  nearly  panidiomorphic  granu- 
lar mass  of  eleolite,  eegirite,  biotite,  and  melanite. 

Pseudoleucite  crystals  occur  as  large  phenocrysts  and 
are  in  every  respect  identical  with  those  already  described 
(p.  268). 

Eleolite  and  its  decomposition  products  make  up  the 
body  of  the  groundmass  through  which  are  scattered  idio- 
morphic  segirite  needles  which  give  the  green  color  to  the 
rock.  Biotite  occurs  in  brown  plates  of  two  generations  but 
is  not  very  plentiful.  Melanite  appears  as  usual  in  small,  ir- 
regular or  idiomorphic  crystals  and  plays  but  an  unimpor- 
tant part  in  the  composition  of  the  rock.  The  accessory 
minerals  and  decomposition  products  are  identical  with 
those  described  in  the  leucite  syienite  dike  rock  and  the 
eleolite  syenite  dike  rock  (Diamond  Jo  type). - 

Spotted  variety  (black  with  white  spots).*-In  some  cases  a 
rock  very  similar  to  that  just  described  occurs  in  which  the 
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base  is  black  rather  than  green.  The  change  in  color  is  due 
to  the  somewhat  increased  size  of  the  »girite  crystals  and  to 
the  occurrence  of  a  greater  quantity  of  magnetite  in  the  base* 
Melanite  and  pyrite  appear  more  commonly  in  this  rock 
than  in  the  preceding  variety  and  in  some  cases  an  ap- 
parently secondary  generation  of  psendolencites  has  taken 
place.  Several  specimens  of  psendoleucite  crystals  have 
been  obtained  from  this  rock  which  are  perfect  icositetrahe- 
•drons  with  smooth  faces  and  sharp  edges  and  corners.  In 
perfection  of  exterior  form  they  can  hardly  be  surpassed  by 
the  true  leucites  of  the  effusive  leucitites,  but  in  the  interior 
they  are  completely  pseudomorphosed. 

Black  variety  (black  with  *^8uggested"  leucites). — This 
rock  is  one  of  the  most  peculiar  of  the  whole  group.  It  ap- 
pearSy  on  the  whole,  as  a  black  and  dense  mass  and  might 
easily  be  mistaken  for  a  metamorphosed  sedimentary  rock 
were  it  not  for  the  fact  that  scattered  through  it  at  irregular 
intervals  are  large  '^  suggested '' pseudoleucites.  These  are 
of  almost  or  quite  the  same  color  as  the  groundmass  and  can 
hardly  be  distinguished  from  it  either  macroscopically  or  mi- 
croscopically. They  are  often  several  centimeters  in 
diameter  and  in  a  few  cases  have  been  broken  out  from  the 
groundmass  in  perfect  forms.  Under  the  microscope  the 
rock  is  extremely  uninteresting  and  unsatisfactory.  It  is 
made  up  of  a  confused  mass  of  small  crystals  whose  optic 
characteristics  as  well  as  their  crystal  forms  are  very  much  ob- 
scured. The  pseudoleucites  do  not  difier  materially  from  the 
groundmass  in  structure  or  in  mineralogic  composition  and 
their  existence  could  not  be  detected  by  the  use  of  the  mi- 
croscope alone.  It  is  only  when  they  are  known  to  be 
present  from  macroscopic  observation  that  an  infinitesimal 
variation  between  them  and  the  groundmass  can  be  detected 
under  the  microscope.  It  is  for  this  reason  that  the  name 
"suggested^'  has  been  used  to  distinguish  them  for  in  truth 
they  contain  no  leucite  material  proper  and  yet  their  form 
is  in  some  cases  found  to  be  perfect.  There  is  no  possible 
doubt  but  that  the  rock  is  of  igneous  origin,  but  the  forma* 
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tioQ  of  these  extremely  impure  pseadoleuciteB  is  an  interest- 
ing and  puzzling  question.  The  facts  indicate  that  like  other 
pseudoleucites  they  began  to  form  under  conditions  favora- 
ble to  the  formation  of  leucite  and,  as  is  frequently  the  case 
with  true  leucite  crystals,  they  included  all  sorts  of  foreign 
particles  such  as  magnetite,  aegirite,  etc.  The  conditions 
then  changed  and  instead  of  becoming  true  leucites  their  sub- 
Btance  was  recrystallized  and  the  leucite  molecule  was 
broken  up  into  eleolite  and  orthoclase.      (See  page  271.) 

The  groundmass  of  this  black  variety  of  leucite  tinguaite 
is  so  indefinite  in  its  crystallization  that  few  of  the  minerals 
of  which  it  is  composed  can  be  determined  with  any  accuracy. 
The  following  have,  however,  been  identified  with  some  de- 
gree of  certainty. 

Eleolite  is  probably  present  for  when  a  section  is  etched 
with  hydrochloric  acid  small  salt  cubes  are  formed.  Ortho- 
clase or  sanidine  appears  in  distinctly  bounded  lath-shaped 
sections  which  often  show  a  Carlsbad  twin  structure,  ^gi- 
rite  and  diopside  are  both  visible  and  biotite  appears  in 
brown  plates  which  are  possibly  of  secondary  origin.  It  is 
evident  from  the  above  description  that  the  rock  belongs  in 
the  group  of  leucite  tinguaites,  but  it  is  upon  the  whole  un- 
satisfactory and  from  a  microscopic  point  of  view  uninterest- 
ing. 

b.    Dike  Type. 

The  dike  type  of  leucite  tinguaite  occurs  as  a  yellowish 
green  or  greenish  black,  dense  rock  usually  containing  white 
phenocrysts  of  pseudoleucite,  eleolite  and  feldspar,  but  is 
sometimes  almost  free  from  them.  It  is  porphyritic  and 
often  shows  a  fluldal  structure  even  in  a  hand  specimen. 
It  breaks  easily  and  with  a  hornstone-like  fracture. 

Under  the  microscope  the  porphyritic  and  fluidal  struc- 
is  still  more  conspicuous  than  in  the  hand  specimen.  The 
groundmass  is  holocrystalline  and  consists  of  numberless 
small  green  pyroxene  crystals  arranged  with  a  fluidal  struc- 
ture through  a  base  made  up  of  numberless  lath-shaped  feld- 
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spar  and  nepheline  (?)  crystals  which  seldom  exceed  0.  1 
millimeter  in  length.  In  many  parts  of  the  section  the  feld  • 
spar  crystals  seem  to  have  had  a  tendency  to  form  large 
phenocrysts,  but  to  have  been  prevented  by  the  premature 
cooling  of  the  rock.  Spots  occur  where  the  crystals, 
of  the  groundmass  for  a  distance  of  half  a  millime- 
ter or  more  have  the  same  extinction  and  appear  like  one 
incomplete  crystal. 

Sanidine  of  the  first  generation  (phenocrysts)  appeara 
as  white,  glassy,  transparent  crystals  which  are  thin  tabular 
parallel  to  the  symmetry-plane  and  often  reach  a  size  of  80  or 
40  millimeters. 

The  faces  that  have  been  observed  are  ooPdo  (010)^ 
ooP  (110),  ooPft  (130);  OP  (001)  and  +P  (111).  The  crystala 
are  often  twinned  according  to  the  Carlsbad  law. 

Under  the  microscope  they  usually  appear  as  transpar^ 
ent,  fresh  sections  whose  form  indicates  that  they  have  been 
cut  from  tabular  crystals.  Around  the  edges,  although 
usually  sharply  defined,  they  show  the  corrosive  action  of  the 
magma  on  the  crystals  and  the  small  needles  of  pyroxene 
are  often  found  penetrating  them  and  the  groundmass  at 
the  same  time.  A  zonal  structure  is  not  uncommon.  In  some 
cases  the  crystals  are  weathered  and  resemble  orthoclase 
crystals  in  which  kaolinization  has  taken  place. 

Cleavage  is  observed  parallel  to  the  usual  planes  and  alse 
an  indistinct  separation  parallel  to  the  orthopiuacoid  (100)  haa 
been  noted  in  a  few  cases.  On  the  whole  the  cleavage  cracka 
are  not  as  common  as  might  be  expected.  In  some  cases  the 
crystals  have  been  broken  and  the  separate  parte  have 
moved  past  each  other  in  such  a  way  as  to  indicate  that  there 
was  a  movement  in  the  magma  after  the  fracture  took  place« 
In  convergent  polarized  light  the  crystals  are  usually  found 
to  have  a  small  optic  axis  angle  although  in  some  cases  it  haa 
been  observed  as  large  as  60^.  The  optic  axes  generally  lie 
in  the  clinodiagonal  plane,  but  in  a  few  cases  they  have  beeu 
observed  in  a  plane  at  right  angles  to  it. 
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Inclusions  of  gas  and  liquids  are  seldom  observed,  but 
when  they  occur  they  form  bands  traversing  the  crystal. 

Sanidine  of  the  second  generation  consists  of  small  lath- 
like crystals  which  seldom  exceed  0.15mm  in  length  and  are  hardly 
one  tenth  of  that  amount  in  thickness.  They  are  generally 
sharply  terminated  on  the  sides,  but  the  ends  are  often  frayed  out 
and  indistinct.  Carlsbad  twins  are  commoui  in  fact  more  com^ 
mon  than  single  crystals.  Their  extinction  is  usually  wave-like 
and  is  diflPerent  for  different  parts  of  the  section.  The  crystals 
oiten  gives  the  appearance  of  a  plagioclase  instead  of  sanidine* 
These  small  crystals  are  penetrated  in  all  directions  by  fegi- 
rite  needles,  but  are  comparatively  free  from  inclusions  of  other 
sorts  and  seldom  show  any  indication  of  decomposition. 

Pyroxene  occurs  among  the  phenocrysts  and  as  a  part  of  the 
groundmass.  In  the  first  class  it  is  unimportant  in  quantity  for 
it  is  only  rarely  that  a  crystal  occurs.  In  a  thin  section  whose 
surtace  was  about  3  square  centimeters  only  eight  crystals  of  the 
earlier  generation  were  discovered  while  in  another  of  about  the 
same  size  only  six  crystals  were  observed. 

The  phenocrysts  appear  under  the  microscope  as  green » 
somewhat  pleochroitic,  idiomorphically  bounded  crystals  or  por- 
tions of  crystals  which  show  by  their  comparatively  small  (not 
over  16^)  angle  of  extinction  that  they  belong  to  the  eegirite 
group.  Included  in  these  and  completely  surrounded  by  them 
crystals  of  a  lighter,  yellowish  green  color  often  occur  in  which 
the  pleochroism  is  very  slight,  but  the  angle  of  extinction  is 
large.  In  some  oases  the  extinction  angle  of  this  interior  por- 
tion reaches  36^  and  it  is  probable  that  these  crystals  are  diop- 
side.  The  diopside  occurs  also  without  the  sarroundiog  band 
of  »girite  and  it  then  generally  forms  somewhat  thicker  prisms. 

The  cleavage,  inclusions,  etc.,  of  both  these  forms  of 
pyroxene  are  so  similar  to  those  already  described  for  other 
occurences  of  these  minerals  that  they  need  not  be  repeated. 

JEgiriie  of  the  second  generation  occurs  in  extremely  small, 
prismatic  and  acicular  crystals  scattered  thickly  through  the 
base  and  often  showing  a  very  distinct  fluidal  structure.  It  is 
these  minute  green  crystals  that  give  to  the  rock  its  green  color 
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and  in  cases  where  they  assume  a  dark  green  color  the  rock 
becomes  black.*  It  is  evident  from  their  form  and  arrangement 
these  m  in  ate  prisms  were  formed  after  the  phenocrysta  but  before 
the  sanidine  of  the  base  for  they  are  usaally  perfectly  idiomor- 
phic  and  show  that  a  decided  flow  of  the  magma  took  place 
around  the  phenocrysts  during  and  after  the  time  that  they  were 
forming.  Small  crystals  show  that  the  faces  ooP  (110)  and 
ooPdo  (100)  are  present  and  in  many  cases  the  angle  ooP  (110): 
ooP  (110)  is  ^een  to  be  approximately  87^.  When  the  crystals 
are  inclined  to  the  plane  of  the  section  and  are  cut  by  it  they 
usually  show  sharpened  points  which  might  easily  be  mistaken 
for  crystal  faces,  but  when  they  lie  parallel  to  the  plane  of  the 
^section  they  are  seen  to  be  frayed  out  and  indistinct  at  the  ends. 
Thin  sections  of  the  rock  show  the  green  color  of  the  small 
crystals  very  distinctly  and,  if  they  are  not  too  minute,  allow  of 
the  determination  of  a  slight  pleochroism  with  a  change  of  color 
^corresponding  to  that  usually  observed  in  segirite.  The  extinc- 
tion angle  is  small,  seldom  exceeding  6^« 

EUolUe  or  nepheline  occurs  in  two  generations  and  often 
forms  large  phenocrysts  which  are  easily  distinguishable  by  the 
naked  eye.  The  c;*ystals  range  from  10  millimeters  in  diameter 
down  to  microscopic  dimensions  and  are  characterized  by  their 
greasy  appearance,  irregular  fracture  and  white  or  pinkish  color. 
They  are  are  idiomorphic  and  thick  prismatic  in  form  and  show 
the  usual  cleavage  and  microscopic  structure  of  this  mineral. 
Decomposition  seems  to  have  been  very  busy  in  many  cases  and 
it  is  not  uncoipmon  to  find  sections  which  have  been  almost 
completely  altered  into  indistinguishable  secondary  minerals* 

The  secondary  nephdine,  which  in  connection  with  sanidine 
forms  the  groundmass,  occurs  in  allotriomorphic  crystals  which 
are  perforated  in  all  directions  by  the  eegirite  crystals  and  boun- 
ded by  the  sanidine  and  other  nepheline  crystals. 

They  are  very  often  altered  to  cancrinate  which  is  easily 
detected  by  its  high  polarization  colors  and  effervescence  with 
acids  as  already  described  (page  235). 

PseudoleucUe  occurs  also  in  two  generations,  but  it  is  much 

«*  See  Gnefl;  EUolUhBjeniteD,  etc,  I.  o.,  p.  296. 
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more  difficult  to  make  a  sharp  disttDCtion  between  them  than  in 
the  caae  of  the  sanidine  and  nepheline.  Those  crystals  which 
are  evidently  of  the  first  generation  are  characterized  microscopi- 
cally by  their  large  size  and  distinct  icositetrahedral  form. 
These  crystals  when  fractured  show  a  pure  white  interior  and 
appears  to  be  fine-grained  and  homogeneous,  but  when  studied 
under  the  microHcope  they  are  found  to  consist  of  minute  feld- 
spar crystals  interspersed  with  small  particles  of  eleolite.  The 
spheroidal  structure  is  entirely  wanting  and  in  fact  it  seems  as  if 
this  were  directly  connected  with  the  weathering  which  has 
taken  place  in  many  crystals  and  not  with  the  pseudomorphic 
influences,  whatever  they  may  be,  that  have  altered  the  constitu- 
tion of  the  crystals. 

The  small  pseudoleucites  contain  many  of  the  small  second* 
ary  segirite  crystals  and  are  much  less  sharp  in  their  forms. 
It  is,  however,  by  no  means  certain  that  these  really  belong  to  a 
second  generation,  but  from  the  fact  that  they  are  interbedded 
among  the  other  minerals  of  the  groundmass  it  seems  probable 
that  this  is  the  case. 

Cleavage  and  microstructure,  in  the  true  sense  of  the  words^ 
can  hardly  be  considered  for  they  belong  really  more  to  the  in- 
dividuals of  which  the  crystal  is  now  made  up  than  to  the  psendo* 
leucite  itself.  The  same  is  true  of  their  decomposition  products 
and  it  is  usually  found  that  where  these  have  formed  they  are 
divided  into  those  which  are  characteristic  for  eleolite  (cancrin^ 
ite,  etc.),  and  those  which  are  usually  associated  with  orthoclase 
(kaolin,  etc.).  Cancrinite  and  calcite  are  often  found  and  in 
some  cases  form  a  very  important  part  of  the  pseudomorphs. 

SodalUe  groups — In  many  cases  the  existence  of  some  mem« 
bers  of  this  group  or  of  the  haiiyne  group  is  suggested  by  the 
appearance  of  six  and  eight  sided,  apparently  regular,  sections 
in  the  green  groundmass.  On  a  close  investigation  these  are 
all  found  to  consist  of  secondary  decomposition  products  usually 
resembling  those  which  occur  in  the  pseudoleucites,  but  in 
some  cases  they  appear  to  be  of  a  different  constitution.  From 
the  chemical  analyses  made  of  this  rock  it  is  probable  that 
members  of  both  the  sodalite  and  haiiyne  group  exist  in  it  to  a 
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limited  extent  for  both  chlorine  and  snlphnric  acid  are  found  in 
appreciable  quantities. 

Pyriie  is  common  in  these  rooks  and  especially  so  in  the 
black  varieties.  That  its  quantity  is  not  inconsiderable  is  shown 
by  the  chemical  analysis. 

Magnetite  and  ilmeniteoGonr  only  in  single,  isolated  crystals 
which  are  far  from  plentiful. 

Biotite  appears  to  be  entirely  wanting  or  to  be  present  only 
as  a  secondary  product  and  in  very  limited  quantities.  Where 
il  has  been  observed  it  is  normal  biotite  and  has  an  optic  axis 
angle  of  2^  to  8°.  The  plane  of  the  optic  axes  is  parallel  to  the 
symmetry-plane. 

Chemical  analyses  have  been  made  of  two  specimens  of  this 
rock  which  differ  considerably  in  their  microscopic  appearance. 
The  first  analysis  (i)  was  made  on  iT  dense,  close-grained,  green, 
hornstone-like  rock  in  which  no  phenocrysts  whatever  are  ob- 
served. 

Analysis  (ii)  was  made  from  material  in  which  large  white 
phenocrysts  of  pseudoleucite  and  sanidine  are  visible.  It  was 
conducted  in  the  same  way  as  the  analysis  of  the  pseudoleucite 
crystal  and  the  results  of  both  the  soluble  and  insoluble  parts 
were  calculated  to  100  as  shown  in  the  table. 

It  is  evident  from  column  ii.  that  minerals  containing  both 
chlorine  and  sulphuric  acid  are  present. 

The  soluble  portion  of  the  rock  (column  rv  or  vii)  would 
naturally  contain  the  easily  soluble  minerals,  sodalite,  haiiynef 
and  nepheline ;  if  therefore  the  chlorine  be  considered  as  belong- 
ing  entirely  to  sodalite  and  the  sulphuric  acid  to  haiiyne  and  the 
amounts  of  the  minerals  corresponding  respectively  to  these  sub- 
stances be  calculated  and  their  constituents  (viii,  ix  and  x)  de- 
ducted from  the  corresponding  constituents  in  the  analysis  of 
the  soluble  portion  of  the  rock  (vii)  the  remainders  should  rep- 
resent the  amount  of  the  constituents  of  the  mineral  nepheline 
(eleolite)  (xi).  If  this  result  is  then  recalculated  to  100  per 
cent  (xii)  and  compared  with  the  theoretical  composition  of 
eleolite  (nepheline)  (xiii),  it  appears  that  the  soluble  portion  of 
the  rock  consists  principally  of  these  three  minerals. 
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Analysed  of  leucite  tingvdiie  (dike  type). 


tONSTITUBNTS. 


I. 


n. 


ni. 


IV. 


V. 


1^ 

5"* 


w 


S^2 

1^^ 


« 

53 


1I 

II 

SO 


1^  8  1. 


VI. 


s 


SIC, 

TIO, 

X  (•) 

AlaOa.... 


Pe«Oa.^ 

Orf) 

«iO 

MgO. » 

aoOm  »» •< 

K,0.« 

»a,0 

tl.O 

H.O  (IgniUoo)... 

IX), ^ 

01  - 

p.Ob  ; 

ToUl 


64.04 


20.27 
4.66 
0.64 
2.75 


0.16 


6.79 
8.56 


1.93 


•  •••.••  •• .  «•«••. 


• .  •  *••«••«  •••....< 


99.80 


62.91 

none 
0.48 

19.49 
4.78 
2.16 
2.47 
0.09 
0.29 
0.44 
7.88 
7.18 

trace 
1.19 

Done 
0.53 
0J{2 

trace 
100.26 


14.85 


88.82 


11.72 


(0.48) 
by  dif. 


1.43 

7.19 

trace 

(1.19) 

none 

0.63 

0.62 

trace 

87.86 


81.24 


1.44 


3.82 
19.20 


61.27 


23-95 


L64    j 


10.24 


8.18 


1.41 

1.89 

trace 

100.00 


100.00 


56.68 


19.89 
8.18 


0.66 
1.10 
0.18 
.  0.47 
5.48 
10.72 


1.77 


99.88 


(^)  For  explanation  of  uae  of  X  see  page  226. 

I.  Gomplete  analysis  of  dense  green  leucite  tinguaite  by  R.  N. 
Brackett. 

II.  Total  analysis  of  leucite  tingu&ite  by  J.  F.  Williams. 

III.  Analysis  of  soluble  purtion  of  leucite  tiogu&ite  by  J.  F. 
Williams. 

IV.  Analysis  of  soluble  portion  of  above  recalculated  to  100  per 
cent. 

V.  Analysis  of  insoluble  portions  (by  difference)  recalculated  to 
100  per  cent.  This  shows  at  once  a  strong  likeness  to  an  analysis  ol 
ortboclase,  but  the  silica  and  potash  are  too  low  and  the  groups  of  the 
other  constituents  too  high.  This  indicates  the  presence  of  considerable 
quantities  of  basic  silicates.  If  these  were  deducted  the  analysis  (v)  would 
approach,  very  closely,  that  of  orthoclase. 

VI.  Analysis  of  segirite  tinguaite  from  Asbjcirnsrod,  Hedrum, 
27orway,  analyzed  by  G.  Pa^kuU  (Hyenitpegmatitg'ange,  p.  41). 
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Table  showing  approximate  oomposUion  of  soluble  portion  of  leucite 

tingudite  {dike  type.) 


• 

VII. 

VIII. 

IX. 

X. 

XI. 

XIL 

XIIL 

CONSTITUENTS. 

Complete 
analyBis 

Sodelite 
deduction 

BeQyDe 
deduction 

Sum  of 
deduction 

Resulting 
analyeia 

Samerr- 
ealculated 

Tbeoret- 

ical  eleo- 

lite 

SlOa.. 

88.82 
81.24 

1.44<?) 

3.82 
19.20 

8.18 

1.41 

1.89 

7.14 
6.12 

4.17 
3.57 
0.53 

11.81 
9.69 
0.58 

27.01 
21.56 
0.91 
8.82 
11.68 
0.18 
0.00 
0.00 

41.58 

88.10 

1.40 

5.90 

17.75 

0.27 

41.24 

AlaO. 

85.26 

mmmjg-^^    M  ............  ..... 

CaO 

K»ii 

6.46 

NajO 

4.98 

2.64 

7.57 

(8.00) 

1.41 

1.89 

17.M 

HjO 

n 

1.41 

SO^MM.. •«•..... ........... 

^••••4 ■••••4  ••• 

Per  cent... 

100.00 

19.60 

12.80 

84.90 

65.10 

100.00 

100.00 

VII.  Analysis  of  soluble  portion  of  leacite  tingudite  by  J.  F« 
Williams.    (See  iv  above). 

VIII.  The  figures  represent  the  amounts  of  the  other  oonslitu- 
ents  of  sodalite  whieh  correspond  to  1.41  per  cent,  of  chlorine  *. 

The  number  at  the  foot  of  the  column  represents  the  percentage 
of  the  whole  rock  that  the  sodalite  forms. 

IX.  The  figures  represent  the  amounts  of  the  other  oonsiituenta 
of  haliyne  which  correspond  to  1.39  per  cent,  of  sulphuric  anhydride  *. 
The  number  at  the  foot  of  the  colunm  represents  the  percentage  of  the 
whole  rock  that  the  haiiyne  forms, 

^be  theoietical  analyaea  of  sodalite  and  hauyne  are  expressed  by  tbe  following  per 
cents:    (RammelaberK,  Mineralcbemie,  1875,  pp.  458  and  467). 

TkeaniietU  mnalytet  oJtoladiU  and  AafiyfM. 


COSSTITUENTS. 


SiOa  

A1,0 

NajO 

Total 


Vila. 


Tbeoretical 
sodalite. 


87.08 
81.71 

25.55 
7.81 


101.65 


IX  a. 


Tbeoretical 
taaOyne 


88.89 

29.00 

4.81 

21.50 

11.80 


100.00 
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X.  Sums  oi  several  oonstituents  of  the  preceding  columDS  (viii 
•and  IX). 

XI.  Bemainder  after  subtracting  the  several  constituents  of  the* 
preceding  column  (x)  from  the  constituents  in  the  original  partial  anal- 
ysis (vu  or  IV).  1'he  number  at  the  foot  of  the  column  represents  the* 
peroentage  of  the  whole  rock  that  the  eleolite  (nepheline)  forms. 

XII.  Columii  XI  recalculated  to  one  hundred  per  cent. 

XIII.  Theoretical  analysis  of  eleolite  as  calculated  f^om  the  for- 
mula (4Na,  K)2  A1,  Si,  Og  which  represents  very  closely  the  compo9ltioD> 
of  the  eleolite  from  Magnet  Cove.  Analyzed  by  Smith  and  Brush 
(Seep.  210). 

If  the  amounts  of  sodalite,  haiiyne  and  eleolite  as  esti- 
mated above  be  expressed  in  percentages  of  the  whole  rock 
and  the  insoluble  parts  be  considered  as  made  up  of  ortho- 
clase  and  segirite  *  in  the  ratio  of  about  3  to  1.  The  quan- 
titative mineral  composition  of  the  leucite  tingaaite  v^ould 
then  be  expressed,  approximately^  by  the  following  table : — 

Approximate  mineral  composition  of  leucite  tingudUe. 

Sodalite 7,57 

HaUyne  - 4.71 

Eleolite 26.08 

iEgirite 15.66  ^ 


.  =62.64 
Orthodase 46. 


Total 100.00 

The  rocks  of  the  tinguaite  group  have  been  but  little* 
studied  and  but  few  analysis  of  them  have  been  made.  It  is» 
however^  probable  that  some  of  the  rocks  described  asphon- 
olites  will  be  found  upon  further  investigation  to  fall  under 
the  tingu4ite  group. 

The  only  analysis  of  a  tinguaite  which  is  available  is^ 
that  of  the  Norwegian  segirite  tinguaite  (vi)  described  by^ 
Brogger  (Syenitpegmatitgange,  p.  41),  This  is,  however^ 
oot  strikingly  like  the  leucite  tinguaite  of  Magnet  Cove  in* 
its  composition. 

«  The  abseooe  of  soda  in  the  insoluble  part  does  net  correspond  with  the  usamptioih 
tbat  the  minute  green  pfroxene  crystals  are  eeglrlte,  but  as  all  the  oonstituents  of  the  ioeoluble- 
p«rts  were  determined  by  difTerenoe,  a  small  error  in  the  determination  of  the  soda  in  the  com- 
f»l«te  analysis  or  that  of  the  soluble  part  would  make  a  relatiToly  great  difference  in  ths  soda  o  i 
i^e  ixuoloble  part. 

19  Geological;  Vol.  U.,  1890. 
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III.   PETBOGRAPHIC  DESCRIPTION   OF   AUGITIC   ROCKS. 

A.  Fourcbite  Q-roup. 

Many  dikes  of  augitic  rock  occur  here  and  there  among 
the  hills  about  the  edge  of  the  Cove.  These  are  usually  ex- 
posed in  the  beds  of  the  streams  and  are  very  seldom  capa- 
ble of  being  traced  for  any  considerable  distance  on  either 
side.  They  are  mentioned  in  the  general  description  of  the 
Cove  and  their  mineralogic  constitution  and  individual 
peculiarities  are  in  many  cases  described  by  J.  F.  Kemp  in 
Chapter  XII.  of  this  report. 

In  general  these  dikes  may  be  grouped  into  two  classes, 
viz:  those  in  which  large,  tabular  biotite  crystals  occur  form- 
ing the  so-called  ouachitite  and  those  in  which  this  mineral 
is  almost  or  completely  absent.  The  mineralogic  composi- 
tion and  structure  of  these  two  varieties  is  identical  in  all 
but  this  one  respect.  The  second  of  these  varieties  is  often 
very  fine-grained  and  it  is  quite  impossible  to  determine  with- 
out the  microscope  whether  it  is  a  fourchite  or  a  dense  dike 
form  of  eleolite  porphyry.  A  large  number  of  these  augitic 
•dikes  have  already  been  found  and  examined,  but  it  is  proba* 
ble  that  not  a  tenth,  nor  even  a  hundredth,  part  of  those 
•that  exist  are  exposed  and  visible.  It  is,  therefore,  a  matter 
of  little  consequence  whether  the  exact  composition  and 
structure  of  each  one  of  those  found,  has  been  determined 
under  the  microscope,  especially  since  there  exist  so  many 
more  which  have  not  been  discovered.  A  microscopic  ex- 
amination has  been  made  of  many  of  the  dikes  which  have 
been  discovered  and  the  results  of  these  investigations  are 
tabulated  in  Chapter  XIII.  of  this  report. 

Where  the  fourchite  and  ouachitite  come  in  contact 
with  the  other  igneous  rocks  they,  like  those  of  Foarche 
Mountain  ar^a,  are  older  than  the  youngest  syenite  rocks 
and  are  cut  by  them. 

B,  Moncbiquite  Group, 

Amphibole  moncbiquite  is  known  from  only  one  locality 
in  the  Magnet  Cove  region  and  that  is  inside  the  cove  itself.     It 
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€ut8  across  the  northern  part  of  the  inside  of  the  basin  in  a  nearly 
east  and  west  direction  and  extends  for  several  hundred  meters 
{see  page  185  and  chapter  XIII.,  dike  159). 

It  is  a  dark  colored,  heavy  rock  which,  microscopically, 
appears  comparatively  uniform  in  texture  except,  here  and  there, 
where  black,  shining  amphibole  prisms  (2  to  3mm  in  length) 
and  small  (1  to  1.5mm  in  diameter)  greenish  yellow  olivine 
crystals  occur. 

Under  the  microscope  the  most  conspicuous  objects  are  the 
large  phenoorysts  of  perfectly  fresh  olivine.  These  together 
with  large  augite  and  amphibole  crystals  form  the  most  impor- 
tant minerals  in  this  prophyritic  rock  and  are  distinctly  separat- 
ed from  the  fine-grained,  holocrystalline  base  which  shows  a 
somewhat  fluidal  structure. 

Olivine  is  by  far  the  most  important  and  characteristic  min- 
eral of  the  rook.  It  appears  in  greenish  yellow  grains  which 
show  a  waxy  lustre  on  their  broken  surfaces.  Exterior  crystal 
forms  cannot  be  seen  macroscopically  on  account  of  their  small 
size.  In  thin  sections,  under  the  microscope  the  olivine  appears 
as  colorless,  transparent,  non-pleochroitic,  idiomorphic  crystals 
which  are  irregularly  distributed  throughout  the  section,  being 
more  numerous  in  certain  bands  and  spots  than  in  others. 
The  crystals  may  be  said  to  be  truly  idiomorphic  although  they 
are  usually  resorbed  about  the  edges  and  show  that  the  magma 
in  which  they  floated  was  sufficiently  acid  to  have  a  strong 
corroding  action  upon  them.  • 

Cleavage  cracks  are  distinct  although  not  frequent  and  those 
f)arallel  to  the  brachypinacoid  (010)  are  much  more  distinct 
than  those  parallel  to  the  macropinacoid  (100).  Along  these 
cleavage  cracks  a  slight  decomposition  has  taken  place,  indicated 
by  a  yellow  coloration  of  the  adjacent  parts  of  the  crystal. 

The  crystals  are  not  uncommonly  made  up  of  two  indi- 
viduals and,  so  far  as  they  have  been  observed,  they  seem  to  be 
twinned  with  the  brachydome  (Oil)  as  the  composition  plane. 

In  parallel  non-polarized  light  the  crystals  appear  colorless 
and  transparent  and  have  a  rough  surface  showing  that  the  index 
of  refraction  is  higher  than  that  of  Canada  balsam.     The  inter- 
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Terence  colors  are  high,  reaching  even  to  those  of  the  third  order.. 
The  extinction  is  orientated  in  sections  not  too  greatly  inclined 
to  the  symmetry-planes.  In  convergent  polarized  light  one  optio 
axis  is  often  seen,  bat  in  no  case  has  a  section  showing  two  axes, 
been  observed.  From  this  fact  it  is  seen  that  the  optic  axis 
angle  is  large  and  consequently  no  observations  on  the  character- 
of  the  dispersion  of  the  axes  or  the  bisectrices  were  possible. 

The  crystals  are  remarkably  free  from  inclusions  of  all  sorts- 
and  seldom  show  anything  more  than  a  few  grains  of  magnetite 
and  pyrite  disseminated  through  them.     A  few  regularly  bounded 
gas   inclusions  occasionally  appear  in   the   crystals,  but   in  no- 
case  have  liquid  inclusions  been  observed.     As  has  already  been 
stated  these  crystals  show  slight  indications  of  weathering  and 
along  the  cleavage  cracks  a  deposition  of  a  yellow,  hydrous  oxide 
of  iron    often  occurs.     Alteration  to  serpentine   has  not  been/ 
noticed  in  any  case. 

Pyroxene  is  the  most  important  mineral,  in  respect  to  quan-^ 
tity,  in  th<s  rock.     It  makes  up  at  least  half  of  the  mass  of  the 
rock  and  occurs  in  two  generations.     The  older  phenocrysts  are 
in  every  respect   identical  with  those  described   by  Kemp   in 
Chapter  XII.  of  this  report  and  like  them  belong  to  the  class  of' 
basaltic  augites.     They  have  the  same  purplish  tinge  and  appear 
as  twins  and  single  individuals  in  the  same  way  that  they  do  in 
the  fourchite  and  ouachitite.     They  differ,  however,  from  these  in 
that,  since  they  are  later  in  the  period  of  their  formation  than, 
the  olivine  and  amphibole  phenocryjets,  they  are  allotriomorphic 
wherever  they  come  in  contact  with  these  minerals.     In  the  four- 
chite, on  the  other  hand,  they  were  the  oldest  of  all  the  silicates 
and  were  therefore  always  idiomorphic. 

The  augite  of  the  second  generation  forms  small  crystals 
having  a  similar  appearance  to  the  larger  ones;  they  are  idio** 
morphic  whenever  they  do  not  come  in  contact  with  the  olivine^ 
hornblende  or  augite  phenocrysts.  They,  like  the  older  genera- 
tion, contain  magnetite  grains  and  gas  inclusions,  but  very 
rarely  show  any  sign  of  decomposition. 

Amphibole  occurs  in  black,  shining  prisms  which  sometimes. 
attain  a  length  of  several  millimeters.     This  mineral  appears  to- 
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be  espeeially  frequent  in  some  parts  of  the  rock  and  to  be 
entirely  wanting  in  other  parts  of  the  same  specimen.  Under 
the  microscope  it  is  seen  to  occnr  in  both  large  and  small,  pris- 
matic crystals  of  two  generations. 

The  cleavage  parallel  to  the  prisms  (110)  is  very  perfect, 
bnt  the  cleavage  cracks  are  not  near  together.  They  make  the 
•characteristic  angle  of  124^  3(K  with  each  other  and  appear  in 
the  vertical  sections  as  distinct  cracks  parallel  to  the  vertical 
axis.  Cleavage  planes  appear  which  are  quite  irregular,  making 
various  angles  with  the  first  and  lying  in  the  same  general 
direction  as  the  base  (001). 

The  crystals  are  of  a  brown  color  when  seen  in  parallel 
non- polarized  light.  They  are  strongly  pleochroitic,  the  colors 
varying  from  yellow  to  dark  reddish  brown.  The  pleochroism 
is  represented  by  the  following  formula: — 

c>b>a 

The  positions  of  the  axes  of  greatest  and  least  elasticity  are 
the  same  as  those  usually  observed  for  basaltic  hornblende  to 
which  variety  of  amphibole  these  crystals  belong.  The  acute 
bisectrix  makes  an  angle  of  18^  with  the  vertical  axis  c  and  lies 
in  the  acute  angle  ^.  The  character  of  the  double  refraction  is 
positive.  The  large  phenocrysts  are  perfectly  idiomorphic  and 
«re  older  than  any  of  the  other  constituents  except  the  olivine. 
The  smaller  crystals  of  >he  second  generation  are  on  the  contrary 
younger  than  the  augite  and  often  form  around  the  latter  or  else 
appear  as  small  allotriomorphic  crystals  wedged  in  between  two 
or  more  of  the  augite  phenocrysts ;  they  are,  however,  older  than 
the  augites  of  the  second  generation.  In  some  cases  the  pheno- 
"Crysts  of  amphibole  are  surrounded  by  an  indistinct  flow  struct- 
ure and  it  is  evident  from  this  and  from  the  fact  that  they  not 
uncommonly  show  a  slight  bending  and  fracture  with  a  separa- 
tion of  the  broken  parts  that  there  was  a  movement  in  the  magma 
after  they  were  formed.  In  parts  of  the  rock  where  much  oli- 
vine exists  the  amphibole  phenocrysts  appear  to  be  very  scarce 
or  to  be  absent  entirely  and  vice  versa.  It  may  be  that  this  is 
only  accideqtal,  but  as  it  is  quite  uniformly  the  case  it  appears  to 
be  characteristic  of  the  two  minerals. 
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Both  the  phenocrysts  and  second  generation  crystals  con- 
tain  nnmeroas  inclnsions  of  gas  and  of  some  white,  transparent 
mineral  which  resembles  apatite.  Magnetite  occurs  in  black 
grains  and  crystals  in  considerable  qaantities. 

Flagwclase  occurs  in  small  lath-like  crystals  which  eeldum 
exceed  0.2mm  in  length  and  are  nsually  much  smaller.  Their 
width  is  not  more  than  one-tenth^  rarely  two-tenthS|  of  their 
length.  They  are  occasionally  idiomorphically  terminated  in  the 
prismatic  zone,  but  the  faces  which  bound  them  can  hardly  be 
determined  on  account  of  their  minuteness.  It  is  evidentyhow- 
ever  that  the  brachypinacoid  (010)  prisms  (110)  and  the  base 
(001)  are  present.  In  some  cases  the  ends  of  the  crystals  are 
sharply  truncated,  but  they  are  more  often  frayed  out  and  ir- 
regular. 

In  parallel  polarized  light  the  crystals  are  seen  to  contain 
a  number  of  twin  lamellse  which  run  directly  through  them  par- 
allel to  the  brachypinacoid  (010)  and  which  show  large  angles 
of  extinction  on  both  sides  of  the  composition  plane.  In  all 
cases  where  these  angles  have  been  measured  they  have  been 
found  to  lie  between  SOP  and  35^  and  to  indicate  a  plagioclase 
very  rich  in  lime  and  approaching  an  anorthite  in  its  compohi- 
tion. 

The  crystals  appear  often  in  an  irregular  fluidal  structure 
and  indicate  that  the  magma  in  which  they  were  formed  was 
still  mobile.  The  groundmass  occupies  the  space  about  the 
minerals  already  described.  It  is  colorless  and  shows  that  it 
has  assumed  a  semi-crystalline  structure,  from  the  fact  that 
between  crossed  nicols  it  has  an  undulatory  extinction  which 
often  indicates  a  spheroidal  structure.  By  means  of  a  selenite 
plate  this  structure  is  more  clearly  seen.  None  of  the  origin \1 
glass  seems  to  have  been  preserved,  but  it  appears  to  have  all 
become  crystalline.  In  certain  cases  there  appear  in  this 
groundmass  very  minute  prisms  which  have  an  orientated  ex- 
tinction and  resemble  nepheline.  They  show  negative  double 
refraction,  but  are  too  minute  to  be  tested  microchemically.  The 
altered  groundmass  is  readily  acted  upon  by  hydrochloric  acid 
and  when  tested  with  fuchsine  solution  shows  a  strong  red  color 
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which  indicates  the  separation  of  gelatinous  silica.  The  silica 
shows  no  salt  cubes  so  that  the  probability  of  the  presence  of 
nepheline  is  very  slight.  When  the  hydrochloric  acid  solution 
was  tested  with  sulphuric  acid  gypsum  crystals  were  formed 
thus. proving  the  presence  of  lime  in  the  mineral.  It  is  possible 
that  the  mineral  in  question  is  melilite  and  that  the  rock  ap- 
proaches alnoite  in  its  composition. 

From  the  above  it  will  be  seen  that  the  rock  may  be  con- 
sidered as  either  holoorystalline  or  as  hypoorystalline  with  a 
glass  which  has,  through  secondary  influences,  become  spher- 
qlitic  in  structure  and  cryptocrystalliue. 

A  chemical  analysis  of  this  rock  was  made  by  the  Survey, 
W.  A.  Noyes,  analyst,  and  gave  the  following  results: — 

Analysis  of  amphibole  monohiquiie. 

SIO,.. 43.50 

TiO, 2.10 

AlA 18.06 

FeA 7.52 

FeO 7.64 

CaO 13.39 

MgO 3.47 

K,0 1.80 

Na,0 2.00 

H3O 1.22 

Total 100.20 

Specific  gravity  (Williams)...    3.051  at  15"^  C. 

The  comparison  of  its  chemical  composition  with  that  of 
other  rocks  of  the  monchiquite  group  is  shown  on  page  111. 

The  only  question  of  importance  which  attaches  itself  to 
this  rock  is  whether  the  mineral  melilite  occurs  in  it  and 
whether  it  should  be  grouped  with  the  alnoites  or  monchiquites. 
For  the  present  it  is  placed  with  the  monchiquite  group. 


CHAPTER  VIII. 

O  INTACT   MeXAMOBPHISM  AND  GeKBTIC  RiLATIONS     OF   THE 

Rocks  of  Magnet  Cove. 


I.      Contact  Rocks, 
n.    Contact  Minerals. 

A.  Contact  Minerals  from  Quartz  and  Sandstone. 

B.  Contact  Minerals  fh>m  the  Calcite. 

m.  Relation  of  the  Igneous  Rocks  of  Magnet  Cove  to  each  other 
and  to  Adjacent  Sedimentary  Rocks. 


I.   CONTACT  ROCKS. 

Aa  has  been  stated  in  the  preceding  descriptions  of 
rocks  from  the  Magnet  Cove  region,  many  varieties  of  rock 
occur  whose  affinities  and  relationships  are  very  uncertain. 
These  have  for  the- most  part  been  called  hornstonea  and  have 
been  considered  as  metamorphosed  rocks.  Their  micro- 
scopic physiography  is  very  indefinite  and  in  the  majority  of 
cases  allows  very  little  to  be  determined  in  regard  to  their 
origin  or  present  composition.  It  is  seldom  that  two  of 
these  rocks  present  the  same  appearance,  although  a  few 
general  characteristics  may  be  detected  in  almost  all  of  them. 
In  consequence  of  this  latitude  in  their  mineralogic  compo- 
sition and  of  the  infiniteness  of  their  microscopic  physio- 
graphy only  a  general  description  of  them  will  be  given. 

Macroscopically  they  form  dense  blacker  dark  bluish  cr 
greenish  gray  rocks  which  break  easily  under  the  hammer 
and  show  a  conchoidal  fracture  on  the    broken  surfaces. 
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They  are  often  filled  with  cubes  of  pyrite  which  vary  in  size 
from  microscopic  individaals  up  to  crystals  measuring  8  to 
10mm  on  an  edge.  On  their  broken  surfaces  the  rocks 
often  present  a  somewhat  blotched  appearance  showing  that 
there  was  a  tendency  towards  a  re* arrangement  of  the  mole- 
cules forming  the  rock,  but  that  in  most  cases  the  re-arrange- 
ment only  went  far  enough  to  suggest  such  an  alteration  in 
the  structure. 

Under  the  microscope  sharply  defined  minerals  can  sel- 
dom be  discovered.  The  rock  appears  as  a  confused  mass  of 
extremely  fine  feldspar  needles  intermixed  with  much  iso- 
tropic material  and  small  quantities  of  choritic  substance. 

Large  quantities  of  colorless  minerals  having  a  high 
index  of  refraction  and  showing  a  surface  in  high  relief  al- 
most always  appear.    These  apparently  globular  substances 
show  very  high  interference  colors,  but  their  extinction  is* 
not  very  sharp. 

Biotite  is  scattered  through  the  whole  rock  in  the  form 
of  small,  reddish  brown  crystals  of  secondary  origin.  It  ap- 
pears in  small,  irregular,  strongly  pleochroitic  flakes,  in 
which  the  colors  change  from  a  reddish  brown  to  a  dark 
chocolate-brown  or  black.  The  absorption  of  light,  when 
the  cleavage  planes  of  the  mineral  are  parallel  to  the  plane  of 
the  lower  nicol,  is  always  very  great  and  in  many  cases  al- 
most total. 

Pyrite  appears  everywhere  in  the  form  of  small  cubes 
and  is  often  very  much  altered  about  the  edges;  and  not  in- 
frequently this  decomposition  has  penetrated  deep  into  the 
the  crystal.  The  crystals  then  consist  of  a  mass  of  reddish 
brown  or  bright  red  material  which  has  no  action  on  polar- 
ized light  and,  even  between  crossed  nicols,  retains  its  red- 
dish color  showing  that  limonite  and  not  hematite  is  present. 

Grains  of  magnetite  occur  very  frequently  and  are  often 
thickly  disseminated  among  the  other  minerals  of  the  rock. 

Occasionally  the  outline  of  a  crystal  of  pyroxene  or  of 
amphibole  is  suggested  by  grains  of  magnetite  or  by  flakes 
of  mica  arranged  along  the  lines  which  represent  its  edges. 
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Calcite  and  other  decomposition  products  in  many  cases 
make  up  a  large  part  of  the  rock. 

It  appears  from  the  above  description  that  little  or 
nothing  can  be  made  out  about  many  of  the  rocks  belonging 
to  this  class  and  hence  that  any  suggestions  regarding  their 
relations  to  the  geology  of  the  region  are  uncertain  and  un- 
satisfactory. 

In  the  case  of  some  of  the  shales  which  lie  directly  in 
contact  with  the  intruded  syenite  of  the  Diamond  Jo  quarry 
(see  page  197),  the  metamorphic  action  of  the  igneous  rock 
is  much  more  evident.    Specimens  were  taken  from  this 


Fig.  21.     Contact  of  eleolite  tyenite  dike  rock  with  ike  Paleoaoieroek  in  JHamond  Jo  quarry. 

A.    Eleolite  syeoite  (Diamoncl  Jo  type).  B,    Metamorphoied  sedementarf  rock.  (T.Tcui). 

C.    Much  Altered  rock  (80  cm).  D.    Slightly  altered  rock  (Im). 

£.    UDaltcred,  but  contorted  shale. 

contact  at  several  points  (Fig.  21)  and  studied.  The 
description  of  the  difierent  bands  is  as  follows :  {A)  repre- 
sents the  syenite  in  which  the  Diamond  Jo  quarry  is  situated 
and  {B)  is  the  first  contact  zone.  It  is  in  general  about  7.7cm 
(3  in.)  wide,  but  at  one  point  it  extends  down  into  the  sye- 
nite for  twice  that  distance.  It  is  a  close-grained,  dense, 
hornstone-like  rock,  showing  almost  no  indications  of  having- 
ever  been  stratified. 

Under  the  microscope  it  also  appears  close-grained  and 
massive  and  is  seen  to  be  filled  with  an  immense  number  of 
smallf  green  crystals  which  belong  to  the  pyroxene  group. 
These  have  a  high  index  of  refraction  which  makes  them  ap- 
pear as  if  their  surfaces  were  raised  above  the  level  of  the 
section.    Although  of  a  decidedly  green  color  these  grains 
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have  little  or  no  pleochroism  and  in  this  respect  resemble 
«girite.  Their  angle  of  extinction,  where  it  could  be 
observed,  is  small.  Some  sections  which  are  approximately 
at  right  angles  to  the  vertical  axis  show  an  eight-sided  figure 
with  two  sets  of  cleavage  cracks  lying  parallel  to  the  two 
sets  of  small  faces.  These  systems  of  cleavage  cracks  are  ap- 
proximately at  right  angles  to  each  other  thus  giving  an  ad- 
ditional proof  of  the  pyroxenic  character  of  the  mineraL 
Although  this  substance  has  been  described  in  its  crystalline 
form  in  order  to  show  its  relation  to  the.  pyroxene  group^ 
this  is  by  no  means  the  way  in  which  it  most  commonly  ap- 
pears. As  a  rule  the  individuals  classed  under  this  head 
consist  of  minute,  round  grains  rarely  exceeding  0.05mm  in  di- 
ameter while  the  crystals  just  mentioned  are  seldom  much 
larger,  but  in  a  few  cases  have  been  observed  to  be  as  much 
as  0.08mm  in  size.  These  small  grains  and  crystals  are  al- 
ways filled  with  innumerable  minute  gas  inclusions  often 
showing  an  exterior  crystal  form  corresponding  somewhat  to 
the  form  of  pyroxene.  The  general  habit  and  microscopic 
physiography  of  this  mineral  show  that  it  is  the  result  of 
secondary  action  on  the  sedimentary  rock  and  is  not,  as 
might  be  supposed,  the  first  crystallization  of  a  quickly  cooled 
syenitic  magma. 

A  large  number  of  small,  white  or  very  light  yellow  grains 
are  scattered  among  these  green  crystals.  They  possess,  like  the 
latter,  a  high  index  of  refraction  and  exhibit  a  rounded  surface^ 
but  are  without  any  distinguishable  crystal  form.  They  have 
high  polarization  colors,  but  the  extinction  is  not  very  sharp^ 
being  masked  to  some  extent  by  the  internal  rt  flections  due  to 
the  high  refractive  index.  It  is  possible  that  these  crystals  are 
related  to  titanite,  but  as  no  tests  have  been  made  to  confirm  this 
supposition  it  can  only  be  put  forward  as  a  suggestion  based 
upon  the  general  appearance  and  characteristic  of  the  mineral 
and  their  likeness  to  those  of  titanite  observed  elsewhere. 

Biotite  exists  in  this  rock  as  small  irregular  plates  which 
seldom  exceed  1.0mm  in  their  greatest  diameter.  Like  those 
described  in  the  other   metamorphosed  rocks  of  this  region  they 
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are  very  strong  in  their  absorption  of  light  and  in  their  pleo- 
tshroism.  They  often  occur  filling  the  space  and  marking  out 
the  forms  of  some  other  crystals  which,  from  their  general 
appearancei  seem  to  have  been  large  augites. 

The  question  concerning  the  original  conditions  under 
which  these  decomposed  augites  were  formed  immediately  pre- 
sents itself,  but,  as  yet,  no  satisfactory  explanation  of  their 
occurrence  has  been  suggested.  The  rock  in  which  they  were 
found  was  many  feet  below  the  surface  of  the  ground  and  when 
it  was  laid  bare  by  the  opening  of  the  quarry  some  time  ago 
it  appeared  as  a  perfectly  fresh  band  of  metamorphosed  shale. 
The  occurrence  of  large  crystals  of  angite  completely  altered  into 
irregularly  arranged  biotite  plates  could  therefore  hardly  be 
Ascribed  to  the  action  of  atmospheric  or  superficial  weathering, 
but  must  rather  be  referred  back  to  the  time  when  the  syenite 
was  still  hot  and  the  contact  rock  was  permeated  by  hot  saline 
waters. 

The  groundmassi  if  it  may  be  so  called,  in  which  these 
crystals  are  imbedded  consists  of  a  colorless,  glassy  looking 
material  which,  when  examined  between  crossed  nicols,  is  seen 
to  be  a  double  refracting  substance.  In  many  cases  it  appears 
fis  if  it  were  filled  with  lath-like  plagioclase  crystals  which  are, 
however,  so  confused  and  distorted  by  the  spheroidal  structure 
that  their  character  is  almost  indeterminable. 

Where  the  metamorphosed  shale  comes  in  direct  contact 
with  the  syenite  large  crystals  of  orthoclase  are  found  extend- 
ing out  from  the  latter  into  the  sedimentary  rock  showing  th^t 
an  exchange  of  substance  and  a  smelting  together  of  the  two  rocks 
has  taken  place.  At  the  ends  furthest  away  from  the  meta- 
morphosed rock  these  crystals  are  comparatively  free  from  inclu- 
sion of  foreign  material,  but  as  they  approach  nearer  to  the  con- 
tact line  they  gradually  become  filled,  first  with  minute,  dust-like 
grains  of  magnetite  and  then  with  small,  green  augitic  crystals 
which  become  more  and  more  frequent  until,  at  last,  the  character 
of  the  feldspar  is  entirely  lost  and  the  mineral  is  completely 
filled  with  the  green  crystals  as  already  described. 

The  next  band  (C)  is  30cm  (1   foot)    wide  and  consists  of  a 
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shale  Id  wbicb|  altboagh  it  has  also  been  macb  altered^  a  certaiD 
stratification  can  be  observed.     A  secondary  cleavage  making  a  . 
sharp  angle  witb  the  contact  of  the  syenite  and  the  sedimentary 
rocks  is  however  much  more  prominent  than  the  original  bed- 
ding planes. 

(D.)  consists  of  a  somewhat  arenaceous  shale  in  which  the 
cleavage  makes  equal  angles  on  both  sides  of  a  normal  to  the 
contact  line.  Bo  little  change  was  macroscopically  visible  in 
this  belt  that  it  was  deemed  unnecessary  to  examine  it  micro- 
scopically. 

(£^)  is  the  ordinary  shale  of  the  region,  but  its  fiat  bedding 
planes  have  been  converted  into  wavy  surfaces  by  the  intrusion 
of  the  igneous  rocks.     All  other  evidences  of  metamorphic  or 
contact  action  are  wanting. 

Another  contact  rock  which  is  of  interest  is  that  occurring 
on  the  hill  south  ot  the  house  marked  '^J.  F.  Moore,  house'^ 
Macroscopically  this  rock  has  a  light  yellowish,  often  almost 
pure  white  color  and  contains  numerous  small,  black  grains 
disseminated  through  it.     (Page  179.) 

It  shows  on  its  weathered  surface  a  more  or  less  distinct 
banding,  with  an  alternation  of  protruding  and  receding  layers, 
which  give  it  the  appearance  of  a  water-worn  shale  in  which  the 
successive  layers  were  not  all  of  the  same  hardness. 

This  rock  lies  immediately  above  the  eleolite  garnet  syenite 
and  may  be  a  zone  of  Paleozoic  rock  which  has  been  altered  by 
the  intrusion  of  these  large  masses  of  igneous  rock. 

Under  the  microscope  the  rock  is  seen  to  be  made  up  of  a 
colorless,  transparent  groundmass  through  which  are  disseminated 
numerous  crystals  of  secondary  biotite  and  magnetite. 

The  groundmass  consists  ot  nmall  (0.1  to  0.2mm)  colorless,^ 
transparent  crystals  which  are  nearly  equal  in  all  their  dimen- 
sions. These  crystals  are  so  massed  and  crowded  together  that 
they  only  occasionally  show  an  idiomorphic  form.  When,, 
however,  such  a  form  appears  it  is  hexagonal  and  apparently 
shows  a  rhombohedral  hemimorphism.    Thus  several  cases  have 
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been  observed  where  the  crystal 
is  so  situated  with  its  vertical 
axis  perpendicnlar  to  the  plane  of 
the  thin  section  that  a  hexag- 
onal outline  is  apparent  and  in- 
side of  that  there  are  a  succession  of 
rhombohedrons  so  situated  that  they 
build  up  a  pyramid  about  the  verti- 
ng 22.  cryM  of  unknou^  mh-  <»1  "is  (See  fig.  22).  By  raising 
^tanee  in  ihe  metamorphoitd  rock  {xiw,)  and  loweriug  the  tube  of  the  micro- 

scope  the  various  sections  of  this  pyramid  come  successively 
into  focus. 

The  index  of  refraction  and  the  double  refraction  of  this 
mineral  are  both  high  and  the  character  of  the  double  refrac- 
tion is  negative.  The  hexagonal  sections^  observed^  above  are 
isotropic.  The  individuals  are  so  small  that  but  little  can  be 
learned  about  their  optic  properties. 

A  chemical  analysis  was  made  of  the  rock  by  the  Survey, 
W.  A.  Noyes,  analyst,  with  the  following  results : — 

Analysis  of  metamorphosed  rock. 

810, 61.12 

TIO,- ^    0.36 

AljO, 20.86 


FeA 
CaO.. 

MgO. 

K,0... 

Na,0. 


4  22 

~ 0.68 

018 

7.90 

3.66 

Ignition 0.58 

Total - 99.65 

On  account  of  the  small  amount  of  other  minerals  present 
this  analysis  expresses  approximately  the  composition  of  the 
mineral  constituting  the  groundmass.  The  analysis  is  approx- 
imately that  of  a  potash  feldspar  and  it  might  be  supposed  that 
the  groundmass  consisted  of  some  such  mineral  did  not  the  optic 
behavior  of  the  mineral  militate  against  such  a  conclusion.  The 
identity  of  this  mineral  is^  for  the  present,  left  an  open  questioD. 
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Biotite  occarR  ia  small  (0.2  to  0.6mm)  reddish  browD,  hex- 
agoDft)  plates  and  exhibits  strong  pleoohroism. 

Magnetite  is  present  in  small  grains  and  rods  and  in  a  few 
cases  has  been  altered  to  hematite. 

Minute  detailed  descriptions  of  several  other  contact  zones 
and  rocks  from  various  localities  might  be  added,  but  they  would 
be  of  little  interest  or  value  for,  in  the  main,  thev  are  similar  to 
those  just  described  and  where  other  minerals  appear  their 
identification  is  so  difiBcuIt,  on  account  of  the  almost  complete 
want  of  characteristic  crystal  forms  and  the  impossibility  of 
separating  the  minerals  satisfactorily  with  any  of  the  heavy 
liquids,  that  such  a  description  as  could  be  given  would  he 
worthless. 

n.    ooNTAcrr  minebals. 

Under  the  head  of  contact  minerals  are  included  some  of 
the  most  interesting  minerals  which  occur  about  the  Cove  and 
some  of  those  which  have  raised  the  most  important  discussions 
which  have  ever  occupied  the  mineralogic  world. 

The  contact  minerals  are  of  two  classes,  namely,  (A)  those 
formed  on  the  sandstones  and  quartz  crystals  associated  with  the 
novaculite  rocks  and  (B)  those  formed  by  the  metamorphosing 
of  the  calcite  deposits  inside  of  the  Cove. 

A.    ContSLGt  MinersLls  from  Qusltiz  and  Ssindstone. 

Along  the  belt  of  coarsely  crystalline  quartz  rock  which  has 
been  described  (p.  192)  as  lying  just  west  of  Magnet  Post-Office 
and  extending  for  a  kilometer  (0.62  miles)  or  more  in  a  'S.  N. 
W.  direction  there  occur  many  large  quartz  crystals  whose  sur- 
faces are  more  or  less  covered  with  brilliant,  black  crystals  of 
brookite  of  all  sizes. 

The  quartz  crystals  themselves  are  of  many  varieties,  some 
being  clear  and  transparent  like  the  so-called  Hot  Springs 
crystals  or  rock  crystal.  These  usually  occur  attached  at  one 
eod  and  are  therefore  seldom  doubly  terminated.  Smoky  quartz 
also  occurs  in  this  belt  and  is  often  found  in  very  large  crystals 
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weighing  in  some  cases  as  much  as  4  to  5  kilos.  (9  to  11  pounds)^ 
Fragments  of  such  crystals  are  also  found  in  great  numbers  and 
it  is  evident  that  the  Indians  made  use  of  them^  as  well  as  of  the 
novaculite,  in  the  manufacture  of  their  arrow-heads,  spear« 
points,  etc.  In  many  cases  this  smoky  quartz  is  of  a  very 
beautiful  color  and  might  well  be  employed  in  the  manufacture 
of  jewelry  and  objets  de  luxe.  Milky  quartz  is  much  more 
common  than  either  of  the  two  varieties  just  mentioned  and 
crystals  of  it  often  occur  doubly  terminated.  The  crystals  of 
this  variety  are  usually  somewhat  smaller  than  those  of  either 
the  rock-crystal  or  the  smoky  quartz  found  in  the  same  locality. 

The  quartz  crystals  are  usually  terminated  only  by. the 
primary  prism  and  pyramid  faces  and  seldom  if  ever  show  any 
other  forms.  They  are  generally  much  corroded  on  the  surface 
and  the  spots  where  brookite  crystals  were  originally  implanted 
are  indicated  by  holes  left  in  the  surface  of  the  crystal.  It  is  aa 
interesting  fact  that  these  brookite  crystals  are  not  found  inclosed 
in  the  quartz  crystals  but  only  implanted  on  and  occasionally 
imbedded  in  the  surface. 

Striations  parallel  to  the  horizontal  prism -pyramid  edges  of 
the  quartz  crystals  appear  to  be  almost  if  not  quite  wanting  on 
the  specimens  from  this  locality.  Compare  the  statements  made 
in  the  article  by  Lewis  Feuchtwanger  on  "  The  Parallel  Striae 
or  indented  cross-lines  on  Bock  Crystal ''  *  in  which  he  mentions 
the  rock  crystal  from  Magnet  Cove. 

Brookite,  The  brookite  which  occurs  most  commonly  oi> 
the  quartz  crystals  just  described  is  that  form  which  was  origi- 
nally known  as  arkansite  and  over  which  there  was  so  mucb 
discussion  concerning  its  composition  and  crystal  form. 

It  was  first  described  by  C.  U.  Shepardf  as  one  of  three 
new  minerals  which  had  been  sent  to  him  by  the  Rev.  E.  R. 
Beadle  of  New  Orleans.  Shepard  gives  the  accompanying  figure 
(Fig.  23)  as  representing  the  crystal  form  of  the   mineral  and 

*  Proceedings  of  the  American  Association  for  the  Advancement  of  Science,  Vol.  XIX.,. 
(1870)  1871. 

t  Oo  three  nev  mineral  spccicB  from  Arkansai,  etc.     Am.  Jjur.  S(  i.  Series  2,  Vol.  Il.t. 
1846,  p.  249. 
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describes  the  angles  and  the  faces  as  follows :    ''  Primary  form. 
Right  rhombic  prism.     M  on  3f,^  101^. 
Secondary  form : — M  on  o,  133*^  45'. 
c  on  c  over  the  edge  x    135®  15'. 
Edge  X  inclines  to  edge  x  at  about  94°. 
Cleavage  indistinct.     Surface  My  brilliant^ 
c  less  so,  d  brilliant,  though  drusy,  and  chan- 
nelled vertically.     Fracture  sub-conchoidal, 
to  UDcven.     Lustre   metallic.     Color  dark  anfUe)  wt»- shepord). 
steel-gray  to  iron  black.     Face  c  tarnishes  blue,  like  specular 
iroo.    Btreak   dark  ash-gray.    The   powder  (until  it  becomes 
perfectly  fine)  shows  points  with  metallic  lustre. 
Brittle.    Hardness  7.0-7.5.'* 

In  a  foot  note  Shepard  gives  a  number  cf  chemical  reactions 
obtained  from  the  mineral  and  comes  to  the  conelusion  as  far  as 
his  investigation  and  the  quantity  of  material  at  his  disposal 
would  permit,  that  the  mineral  consists  of  a  titanate  of  yttria,  io 
which  neither  lime,  oxide  of  cerium,  iron  or  manganese  are 
present.  He  describes  the  crystals  as  being  about  one-fifth  of 
an  inch  in  diameter  and  as  occurring  implanted  upon  quarts 
crystals,  which  are  attached  to  a  surface  of  brownish  green 
coccolite.  He  named  the  supposed  new  mineral  arkanaUe  after, 
the  state  in  which  it  is  found. 

In   1847  under  the   heading  of  ''Further  account  ef  tEe^ 
Arkansite'^t  Shepard  describes  a  crystal  which  came  from  Dr., 

W.  B.  Powell  of  Memphis,  Tenn.,  who  was 
the  discoverer  of  the  locality  and  the  finder 
^^  of  the  specimens  which  Sbephard  first 
obtained  from  E.  R.  Beadle.  He  mentions* 
the  occurrence  of  a  new  face  a  (Fig.  24) 
which  truncates  the  acute  angles  of  the  pri- 
si^fj^  8hS!iS^)  ^*^*"^  naary  form,  and  he  states  that  the  angle  Jf 
on  If  is  constantly  between  the  values  101°  and  101°  15',  while 
that  of  a  on  a  is  123°.  He  gives  the  specific  gravity  as  3.854. 
He  then  gives  a  number  of  chemical  tests  and  closes  by  stating 

*  The  lettering  originally  need  bj  Sbepud  haa  been  retained, 
t  Am.  Joor.  Scl.  Series  2,  Vol.  IV.,  1847.  p.  739. 

20  GcolofiMl;  Vol.  iL,  18M. 
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it  as  his  opinion  that  the  arkansite  is  a  "niobate  of  yttria  and 
thorinar  * 

In  1849  a  number  of  articles  appeared  on  the  snbject  of 
arkansite  most  of  which  were  evidently  written  without  the 
knowledge  of  the  existence  of  the  others. 

August  Breithaupt  published  an  article  entitled  '^Mineralo- 
gieche  Beschreibung  des  Arkansits'^f  ^^  which  he  gives  the 
measurements  of  the  angles  and  calculates  an  axis  ratio  for  the 
new  mineral.  He  places  the  crystal  in  a  different  position  from 
that  adopted  by  Shepard  and  obtains  the  following  faces  (Figs. 
25  and  26)  angles  and  axis  ratio  : — 


Pig.  25.  Fif.26. 

Bnokiie  {wkonsUe)  {a/Ur  BrHthaupi.) 

P :  P=  185°  15'  short  polar  edge;  95°  20'  long  polar  edge; 

101°  18'  basal  edge. 
y^JPob=-124°  2'  t=2Pdb=79°  41' 

c=3Pdb=68°  10'  «=Pob=86°  31' 

/=-ooPdb  n=2P=125°  56' 

Axis  ratio  a:b:  o=l  :  1.668802  :  0.941023. 
He  states  that  the  crystal  cannot  be  made  to  coincide   with 
brookite. 

In  July,  1849,  a  note  from  W.  H.  Miller  t    was  published 
by  the  editor  of  the  Philosophical  Magazine  in  which  it  is  stated 

,,  _  * — I —  

^  Id  the  jBhntbarioht  Qber  der  Fortaohrltte  der  ralnen,  phana.  ond  toohnlMh.  Cheinle, 
Physio,  Mlneralogi«  and  Geologle.  H«rftiug«gben  Ton  J.  Llebig  and  H.  iCopp,  1M7-4S,  then 
mppMira  OB  page  1160  %  xwume  of  Shepard*s  two  descriptions  and  •  note  to  the  effect  that  in 
the  Tolnme  for  1849  the  dose  relation  of  this  mineral  te  brookite  would  be  diioQMcd.' 

t  Pofgeodorfl's  Anaalen.  Band  LXXYIl.,  1849.  p.  802. 

X  Phil.  Maff.  (8)  XXXV.,  1849,  p.  7ff. 
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that  the  arkansite  of  Magnet  Cove,  Ark.,  ia  crystallographically 
identical  with  brookite. 

Another  paper  which  was  published  on  this  subject  at  about 
this  time  was  entitled  '^Examination  of  three  new  mineral  species 
proposed  by  Prof.  C.  U.  Shepard,  by  J.  D.  Whitney''*. 

In  this  article  Whitney  says  that  Shepard  called  the  mineral 
«*titanate  of  yttria  and  possibly  zirconia  and  thorina  and  then 
•decided  that  it  was  ''a  niobate  of  yttria  and  thorina.''  Whitney 
foand  it  to  be  pure  titanic  acid  with  only  a  trace  of  iron  and 
redetermined  the  specific  grarity.  He  also  states  that  it  has  the 
<;rystal  form  and  specific  gravity  of  brookite. 

Tesohemacher  f  examined  the  same  crystal  that  Whitney 
•did  and  also  came  to  the  conclusion  that  it  was  brookite.  He 
obtained  the  following  angles  \—M :  3f=100%  Jf :  0=133''  36' 
^  :  c=135°  46'  a  :  a=124°  (See  Fig.  24  on  page  3050 

In  the  same  year  C.  Rammelsberg  published  a  paper  enti- 
tled ^'Ueber  die  Identitiit  des  Arkansits  und  Brookits  in  chem- 
ischer  und  krystallographischer  Beziehung."|  He  first  shows 
that  Shepard's  determination  of  the  chemical  composition  of  the 
mineral  is  wrong  and  that  the  substance  is  a  pure  oxide  of  tita- 
nium, TiOj.  Crystallographically  he  shows  the  close  coinoi- 
•dence  between  this  new  mineral  and  brookite  although  the  habit 
of  the  two  minerals  is  quite  different.  He  next  compares  the 
specific  gravities  of  arkansite,  brookite  and  anatase  and  comes  to 
the  conclusion  that  arkansite  is  an  oxide  of  titanium  which 
has  the  crystal  form  of  brookite,  but  the  density  of  anatase. 

Damour  and  Des  Cloizeaux  published  ||  some  analyses  and 
made  a  number  of  specific  gravity  determinations.  The  analy- 
ses are  as  follows  : — 


•  Joornal  Boeton  Nat.  HUt.  8oc.,  Vol.  VI.,  1849,  p.  43  (orlgioBl  Article.) 
Notice  of  Mme  la  Am.  Joar.  Scl.,  Series  2,  Vol.  VII.,  1849,  page  488. 
Alio  Proc.  of  Boston  Soc.  Nat.  Historj,  Vol.  III.,  1851,  p.  96,  (enUUed  "Analyaea  of  C. 
C  Shepard's  New  Minerals.") 

t  Proc  Boston  Hoo.  Nat.  Hist.,  Vol.  II.,  1849,  p.  182  (original  paper)  and  Am.  Jour. 
Cci.  Series  2,  Vol.  VIII,  1849,  p.  274. 

|Poggendorff*8  Annalen,  Band  LXXVII.,  1849,  p.  686. 

I  Ann.  Mln.  (4)  Vol.  XV,  p.  447.    Cited  after  the  Jahresbericht  ab«r  die  Fortscbritt 
Chemie,  etc.    Llebig  and  Kopp,  1819,  p.  729. 
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Analyses  of  arkansile  {Damour  and  Des  Cloizeaux)i 


CONSTITUENTS. 


TlOi. 

FeiOs 

Si02 

Insol  ReiidatL.. 
Total. 


a. 


99.86 
1.36 
0.73 


I0I.4S 


b. 


96.  ri    ^ 


6.89 


108.1J 


c. 


101.69 


1.39 


108.07 


The  saggestioD  is  made  that  some  of  the  titaDic  acid 
is  present  in  the  form  of  a  lower  oxide. 

Breithaupt  published  a  second  article  entitled  ^'  Ueber 
Pleomorphie  der  Titansaiire/'  ^  as  an  answer  to  Miller  and 
Bammelsberg  and  in  it  he  refers  to  their  two  articles  and 
in  substantiation  of  his  views  states  that  brookite  has  a 
cleavage  parallel  to  the  prisms  making  an  angle  of  104^12^ 
with  each  other  while  arkansite  has  not.  He  suggests  that 
there  are  four  varieties  of  TiO„  viz: — 

Arkansite  and  brookite — orthorhombic. 
Anatase  and  r utile — tetragonal. 

S.  Hermann  published  a  paperf  in  which  he  states  that 
he  has  confirmed  the  previous  measurements  obtaining  the 


Pig.  27.  Pig.  S8. 

BrookiU  {arkansUe)  {e^fter  Hermann.) 

prismatic  angle  100^80^,  and  the  octahedral  angles  ISS^SCK; 
101®  and  94*^'  He  gives  two  drawings  of  the  crystals,  Figs. 
27  and  28.  His  analysis  afforded: — 

•  Fogg.  Annalen.  Band  LXXVIII.,  1849,  p.  148. 

t  Joarnal  fttr  prakUMbe  Chemle,  tod  Brdmann  and  Werthe,  Jahig.  18M,  p.  200 ;  alao 
Am.  Jour.  ScL  Sorica  2,  Vol.  XL,  1861,  p.  229. 
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Analysis  of  arkansite  (Hermann.) 

TiO, 96.50 

FCjOs 1.00 

U,0 Trace. 

BiO,  and  gaDgue-... 2.50 
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Total 100.00 

Specific  gravity  3.79  (much  lower  than  nsual,  probably 
due  at  least  in  part  to  impurities — J.  F.  W.) 

In  1876  6.  vom  Rath  published  among  his  ^'  Mineralog- 
ische  Mittheilungen"  an  article  entitled  ''Brookit  von  At- 
liansk  im  Ural  und  Arkansit,  umgeandert  in  Butil  aus  Ar- 
kansas,." *  G.  vom  Bath  states  that  it  is  probable  that  the 
brookite  crystals  from  Magnet  Cove  come  from  two  distinct 
localities  because  he  finds  two  varieties  which  are  quite  dif- 
ferent from  each  other.  The  first  variety  he  designates  as 
'{A)  and  describes  them  as  black,  unaltered  brookite  which  is 
proved  to  be  such  by  its  specific  gravity.  The  second  variety 
>{B)  consists  of  '  blackish  or  reddish  brown/  altered  crystals 
possessing  a  peculiar  glistening  surface  and  the  specific  gravity 
•of  rutile. 

The  crystals  {A)^  which  range  from  8  to  I6mm  in  size  are 
bounded  by  the  faces,  e=P2  (122),  if=ooP(110),  z=JP(112), 
4=2P<Sb  (021).t 

The  face  e  often  predominates  to  such  an  extent  that  z 
is  either  wanting  or  appears  only  as  a  bevelment  of  the 
bracbydiagonal  polar  edges  of  e,  and  If  and  t  appear  only  as 


Fig.  29.  Fig.  30.  Fig.  31. 

Brcokiie  from  Me^fnet  Cov€  {after  vom  Bath.) 

*  PoggvDdorff'4  Annalen,   Kaiid  OLYIIL.,  1876,  p.  407,  with  a  Bapptomeiit  in  the  N 
Jahrb.  f.  Mineralogie  Jahrgang,  187»«.  p.  397. 

t  The  Miller  nomenclatiiie  U  not  glTen  \n  the  original  article,  but  is  replaced  by  that 
<»f  Wein. 
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subordinate  faces  beveling  the  corners  (See  Fig.  29).  Some- 
times  the  faces  3f  and  e  are  equally  developed  and  the  ap- 
parently dihexahedral  form  of  the  arkansite  crystals  (Fig.  31) 
is  formed.  Again  the  crystals  have  the  appearance  of  that 
shown  in  fig.  30  and  consist  of  a  combination  of  e  and  the^ 
macropinacoid.  The  latter  face  is^  however,  not  a  simpIe^ 
face,  but  is  made  up  of  a  frequent  alternation  of  the  prism 
faces.  Or.  vom  Rath  determined  the  specific  gravity  for  the 
crystals  (A)  with  the  brilliant  surfaces  as  follows: — 3.807^ 
3.962  and  4.074. 

The  crystals  {B)  occasionally  attain  a  length  of  40mm  aud 
are  usually  in  the  form  of  the  apparent  dihexahedron.  In 
some  cases  they  are  bounded  by  the  faces  2  (112)  and  Jf  (110) 
(See  fig.  82)  a  combination  which  has  not  previously  been 
observed.  This  form  is  somwhat  similar  to  that  of  r utile 
and  these  crystals  have  often  been  mistaken  for  that  mineraL 
The  angles,  which  on  account  of  the  peculiarly  glimmerings 
surface  of  the  crystal  can  only  be  measured  with  a  contact 
goniometer,  are  those  of  brookite.  Besides  the  already  men- 
^,.--;^^^^^^^^  tioned  peculiarities  of  the  crystals  (J5) 

.<:-<^^^/-^^-^^iv^    ^^^  Bath  mentions  and  describes  the 

peculiar  moiri  metalique  lustre  which  is 
so  characteristic  of  them.  He  states 
that  the  surface,  as  shown  in  fig.  32^ 
is  due  to  numberless,  minute  rutile 
crystals  which  cover  the  surface  of 
""^^5^/..^^  the  crystal.    At  the  same  time  the 

Fig.  32.  Brcokuefromjiagfui  interior  of  the  crystal  is  found  to  be 
Cove  {ajur  vom  Rath.)  rcplaccd  by  red,  rutile  crystals  and 

the  whole  arkansite  crystal  has  become  a  paramorph    of 

rutile  after  brookite. 

Gt  vom  Bath  determined  the  specific  gravity  of  some  of 
these  paramorphs  with  the  following  results: — 

8p.  gr.=4.148,  4.198,  4.199  and  4.212. 

It  is  evident  that  these  values  are  those  of  rutile. 

Occasionally  the  rutile  crystals  making  up  these  para- 
morphs are  so  small  that  their  forms  cannot.be  determined^ 
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but  usaally  the  forms  P  (111), ooP (110),  ooPoo(lOO),  Poo  (101), 
and  cx)i^  (320)  are  easily  distiogaished  aad  the  positions  of 
the  crystals  determined.  A  20mm  dihexahedral  crystal  of 
arkansite  which  was  altered  to  rntile  crystals  5mm  in  length 
was  found  by  vom  Bath  with  the  original  American  label 
reading  ^'  Arkansite  with  an  habit  of  Rutil".  He  remarks 
that  the  alteration  isnot  only  superficial,  but  is  a  complete 
transformation  in  the  substance  of  the  crystal. 

It  is  seen  from  the  above  description  that  the  rutile  crys- 
tals form  parallel  aggregtions  and,  what  is  more  remarkable, 
that  the  latter  arrange  themselves  in  certain  positions  with 
regard  to  the  brookite  crystals  which  they  replace.  On  the 
face  Jf  the  rntile  prisms  are  vertical  and  are  so  situated  that 
a  prism  of  the  second  order  (100)  would  coincide  with  the 
macropinacoid  (100)  of  the  brookite.  This  is  shown  diagram- 
atically  in  fig.  31.  Another  arrangement  is  that  where  the 
small  rutile  prisms  lie  at  right  angles  to  the  brachydiagonal 
edges  of  the  pyramids  e.*  6  vom  Bath  then  remarks  on  the 
fact  that  the  paramorphosed  arkansite  crystals,  if  the  para- 
morphism  is  left  out  of  the  question,  might  easily  be  mistaken 
for  twin  crystals  of  rutile  and  he  goes  on  to  show  from  a 
crystallographic  standpoint  how  this  occurs. 

Q.  vom  Bath  closes  his  article  with  the  remark  that  this 
transformation  of  brookite  into  rutile  presents  a  new  example  of 
two  forms  of  one  and  the  same  substance,  which  both  occur  in  the 
shape  of  one  of  them.  This  shape  was  left  by  the  earlier  form  as 
a  proof  of  its  previous  existence  while  the  other  form  now  exists 
filling  the  space  originally  occupied  by  the  former. 

In  1886  8.  L.  Penfield  published  an  article  entitled  '^Brook- 
ite from  Magnet  Cove,  Arkansas,''!  in  which  he  gives  the  meas- 
urements and  description  of  some  fine  brookites  from  the  col- 
lections of  Professor  G.  J.  Brush  and  Yale  College.  He  states 
that  but  little  has  been  published  in  American  journals  upon  the 
subject  of  this  mineral  and  that  nothing  can  be  said  in  regard  to 
its  geologic  relations. 

*  Further  notes  on  this  subject  appear  im  N.  Jahrb.  f.  Min.,  Jahrg.,  1876,  p.  897. 
t  Am.  Jour.  Scl.  Series  3,  Vol,  XXXI.,  1886,  p.  887. 
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The  forms  which  Penfield  observed  are  as  follows: — 

e=P2  (122)  a=cx>P6b  (100) 

z=iP  (112)  m=cyoP  (110) 

;f=JP2  (124)  t=2P6b  (021) 

IPenfield  writes  regarding  these  faces  : — 

'*^  Of  these  forms,  e  is  the  most  common,  occurring  frequently 
«Ione,  usually,  however,  in  combination  with  m.  This  latter 
combination  is  especially  interesting  when  the  prism  is  of  such 
a  size  that  it  meets  the  four  planes  of  the  pyramid  at  the  ex- 
tremity of  the  6  axisyforming  there  a  solid  angle  of  six  faces ; 
-(.Fig.  17,  pi.  20).*  This  combination  is  very  common  and 
-appears  like  a  doubly  terminated  hexagonal  pyramid.  The 
4Mrachydiagonal  pole  edge  of  e  is  inclined  60°  45'  to  the  vertical 
4txi8,  so  that  the  projection  of  the  six  faces  upon  the  brachypin- 
«coid  would  be  almost  a  perfect  hexagon.  As  a  rule,  the  faces 
•of  the  prism  vary  in  lustre  from  the  pyramid  and  the  frequent 
truncation  of  the  vertical  edge  of  m  by  the  macropinacoid  a 
«erve8  as  a  ready  means  of  orientation.  The  next  most  fre- 
quently occurring  pyramid  is  2,  which  usually  occurs  beveling  the 
branchydiagonal  pole  edge  of  e;  fig.  21,  pi.  20  showing  also  the 
prism  m,  a  very  common  combination.  The  brachydome  t  is 
not  so  common  as  the  above  mentioned  forms  and  ufeually 
appears  with  very  small  faces.  One  hand  specimen  of  a  very 
much  decomposed  siliceous  rock  contained  a  great  number  of 
small  lustrous  crystals  about  2mm  in  diameter,  which  show  a  very 
large  development  of  t,  (fig.  19,  pi.  20)  but  I  have  seen  no  large 
crystals  with  this  habit.     The  macropinacoid  a,  appears  very 

* 

frequently,  but  seldom  largely  developed. 

''  The  crystal  which  first  attracted  my  attention  is  about 
7mm  in  its  greatest  diameter  with  very  lustrous  faces  and  sym- 
metrical development;  it  is  only  a  fragment.  It  shows  all  of 
the  forms  mentioned  above  with  the  addition  of  x^  which  bevels 
the  macrodiagonal  pole  edge  of  2.    X  ^^  ^  ^^^  pyramid  in  this 

■=■  The  figures  drawn  by  Penfield  are  Identical  with  some  of  those  published  later  bf 
Dana  and  hence  Penfleld*s  figure  numbers  are  altered  to  refer  to  Dana*s  figurei  on  platea 
19  and  20  of  this  report. 
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Bpeciesi  and  was  first  identified  by  von  Leachtenberg  (Materi- 
alien  zar  Mineralogie  Russlands,  VI.,  204)  on  crystals  from 
the  Urals.  The  planes  are  arranged  as  in  fig.  14,*  plate  20.  It 
will  be  noticed  that  the  prominent  pyramid  is  here  z,  while  e  is 
very  subordinate.  I  have  been  able  to  find  no  duplicate  of  this 
cryntal.  Except  the  large  round  crystals  which  are  wholly 
•chaoged  into  rutile  and  which  have  the  habit  shown  in  fig.  14, 
pi.  20,  only  with  more  prominent  prismatic  development ;  all 
that  I  have  seen  show  the  pyramid  e  largely  developed.  The 
two  pyramids  z  and  e  might  be  mistaken  for  one  another  were  it 
not  for  the  prism  m  which  serves  for  orientation. 

''The  angles  which  were  measured  and  served  for  the 
identification  of  the  faces  (on  crystal  shown  in  fig.  14,  pi.  20) 
«re  given  in  the  following  table,  together  with  the  corresponding 
angles  taken  from  Kokscharow. 

19J' 

37 

42 

80 

89 

41 

3J 

6 
5U 

4 
40 
40 
18 
19  J 

It  will  be  noticed  that  the  angles  agree  closely  with  those 
^ven  by  Kokscharow,  and  a  consideration  of  those  angles  cal- 
tsulated  to  determine  the  monoclinic  symmetry  of  the  crystal, 
I.  e«,  m  :^  and  m  :  t  give  us  no  sufficient  ground  for  assuming  that 


0  :  e 

122  : 

122 

44° 

z  :  z 

112  : 

112 

53 

112  : 

n2 

53 

112  : 

112 

44 

X  -t 

124  : 

124 

28 

124  : 

124 

28 

«  :  z 

122  : 

112 

17 

m'.m 

110  : 

no 

80 

110  : 

no 

99 

■a   :7n 

100  : 

no 

40 

m:  z 

110  : 

112 

53 

110  : 

112 

53 

m:  t 

110  : 

021 

65 

no : 

021 

65 

Kokscharow. 

44° 

23' 

53 

48 

63 

48 

44 

46 

28 

28 

28 

28 

17 

6 

80 

10 

99 

50 

40 

5 

53 

45 

63 

45 

55 

19 

55 

19 

*  Figure  14,  plate  20,  dlffera  from  Penfield'a  flgare  4  only  In  the  sUe  of  the  faces  *  and 
In  Penfield'a  figure  .v  ^  lo°8  *°d  narrow  while  t  is  wide  and  intenects  the  face  e  in  an  edge. 
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the  orjstallization  is  other  than  orthorhombic.  The  reflectiona 
from  the  faces  of  these  crystals  are  usually  not  very  sharp;  those 
from  the  one  shown  in  fig.  14,  pi.  20  are^  however,  an  exception* 
In  this  crystal  vicinal  faces  lay  in  nhe  prismatic  zone  making  an 
angle  of  0°  89'  with  m,  and  with  the  front  edge  of  the  vicinal  prism 
measuring  81^  22^  There  is  .  «  a  vicinal  pyramid  inclined 
0^  2V  to  Zf  and  in  the  zone  2,  e,  the  vicinal  faces  being  nearest  to 
e  and  showing  faint  though  distinct  reflections. 

"The  gravity  of  this  crystal  taken  very  carefully  is  4.084.'^ 
Later  in  the  same  year  £dward   8.  Dana  published   an 
article^  entitled  "On  the  Brookite  from  Magnet  Cove,  Arkansas'^ 
in  which  he  describes  and  figures  a  large  number  of  beautiful 
crystals  from  the  collection  of  Mr.  Clarence  8.  Bement  of  Phila- 
delphia, Pa.     In  order  to  make  the  paper  as  complete  as  possible 
Dana  figures  a  large  number  of  combinations  both   of  the  older 
well  known  forms  and  of  the  new  ones  about  to  be  described. 
These  are  shown  in  the  two  plates  subjoined,  the  electrotypes 
for  which  were  kindly  loaned  to  the  Survey  by  Professor  Dana. 
Dana  determined  the  following  planes  on  the  crystals  : — 
Pinacoids,  a=ooP6b  (100),  c^OP  (001);   prisms,  /=ooP2 
(210),  m=ooP(llO),  ^=c»P2  (120)  new;  brachydome  <=2Pc5b 
(021);   pyramids,  2=JP  (112),   x=P'^   (124),     §=fPJ  (234), 
6=P2  (122.) 

The  remainder  of  the  paper  has  been  copied  verbatim  from 
Dana  with   only  a   few  changes   to   make   the    nomenclature 
correspond  to  that  used  in  other  parts  of  this  report. 
Dana  describes  the  individual  crystals  as  follows : — 
^'The  crystals  may  be  roughly  divided  into  those  of  prisma* 
tic,  and  others  of  pyramidal   habit.     In  the  former,  figures  1  to 
12,  with  also  figs.  14,  15,  16,  18,  (Plates  19  and  20,)  the  funda- 
mental prism,  m,  usually  predominates;  the  forms  vary  much^ 
however,  according  to  the  pyramid  by  which  they  are  termina- 
ted.    Figure  1,  pi.  19,  is  a  common  form,  occuring  in  crystals 
of  relatively  large  size,  sometimes  1  to  2  inches  in  length;  here 
the  pyramid  z  (112)t  is  alone  present.    This   form,  though  so 

*  Am.  Joar.  Sci..  Series  8,  Vol.  XZXII,  1886,  p,  314. 

t  IHaa*8  abbreTiatioD  of  the  NaumanD  sfmbola  are  omitted. 
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simple,  is  interesting  because  of  the  similarity  it  bears  to  a 
common  form  of  rutiie,  the  allied  species,  also  TiOj  in  composi- 
tion. This  resemblance  is  apparent  at  once,  as  was  remarked 
by  vom  Rath,  and  is  in  a  measure  borne  out  by  the  angles  of 
the  two  species.  In  rutile  the  prism  is  one  of  90°  and  the 
pyramid  «  (111)  is  a  tetragonal  pyramid  with  a  terminal  angle 
of  56°  22}';  in  this  related  orthorhombic  form  the  prismatic 
angle  of  80°  lO'  and  99°  SO'  and  the  pyramid  z  has  terminal 
angles  of  63°  48'  and  44°  46',  calculated  from  the  measurements 
by  von  Kokscharow  on  the  usual  assumption  that  the  species 
is  orthorhombic.  It  is  interesting  to  note  that  this  type  of 
crystal  is  the  one  which  most  frequently  shows  the  paramorphio 
change  to  rutile.  Figure  4,  pi.  19,  represents  a  form  much  like 
that  just  alluded  to  but  showing  also  the  common  brachy- 
pyramid  e  (112)  which  by  some  authors  is  made  the  unit  pyra- 
mid. Figures  2  and  8,  pi.  19,  show  other  crystals  much  smaller, 
and  marked  by  the  presence  of  the  basal  pinacoid.  The 
crystals,  represented  in  figures  5  to  8,  pi.  19,  were  small,  about 
}  to  i  inch  in  length,  aud  of  a  rich  reddish  brown  color,  differ- 
ent from  the  common  color  of  the  crystals  of  the  locality,  which 
is  deep  black.  The  pyramid  which  predominates  here,  some- 
times to  the  obliteration  of  other  terminal  faces,  is  the  obtuse 
brachy- pyramid  ;f  (124)  with  terminal  angles  of  48°  bi'=XX''^ 
(124 :  134)  and  28°  28'=xx^  (124  :  124.)  The  planes  z  and  x  are 
often  striated  deeply,  parallel  to  their  mutual  intersections,  and 
the  oscillatory  combination  of  these  planes  is  sometimes  so 
marked  that  the  termination  appears  to  be  made  by  two  brachy- 
domes.  Figure  6,  pi.  19,  is  a  basal  projection  of  a  crystal  near 
that  shown  in  fig  5,  pi.  19  but  having  also  the  planes  c  and  e. 
'^The  crystal  drawn  in  figs.  7  and  8,  pi.  19,  is  interesting  a& 
showing  the  rare  plane  Q  (234)  in  the  zones  2,  e  and\',  m.  This 
plane  has  not  been  observed  before  at  this  locality,  and  has  only 
been  noted  by  Groth  and  Biicking  (Mineralien-Sammlung, 
Strassburg,  p.  110,  1878)  on  a  crystal  from  the  MaderanerthaL 
Figure  16,  pi.  20,  shows  another  prismatic  form  with  an  acute 
*  termination  formed  by  the  dome  t  and  the  pyramid  e.  Figures 
J 4  and  15,  pi.  20,  represents  a  short  prismatic  form  of  unusual 
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complexity;  fig.  25,  pi.  20,  (after  Peafield)  is  a  basal  projection 
of  an  allied  form,  bat  one  in  which  tbe  pyramid  X  ^^  ^  narrow 
beveiment  of  the  brachy-diagonal  terminal  edge  of  2,  much  as 
«  bevels  the  macro-edge  of  e. 

^'Figures  11  and  12,  pi.  19,  represent  a  rare  type  of  form 
in  which  with  the  unit  prism  we  have  also  the  piisms  I  (210) 
and  ^  (120).  This  last  plane  is  a  new  ooe  for  the  species;  it 
was  determined  by  the  measured  angles : 

f<p'=  120  :  120=62°  1'  :  61°  26'  calculated  (Kokscharow). 
In  figures  9  and  10,  pi.  19,  a  common  type  of  crystal  is  repre- 
sented in  which  the  macro-prism  /  predominates.  These  crystals 
are  often  quite  flat  parallel  to  the  macropinacoid  from  the  oscilla- 

« 

tory  combination  of  the  two  prisms  /  and  m,  and  the  termination 
is  often  formed  by  narrow  faces  of  the  pyramid  e.  In  fig.  18, 
pi.  20,  the  prism  I  is  alone  and  the  appearance  of  the  crystal  is 
strongly  in  contrast  to  the  stout  nearly  square  prism  of  figs.  1, 
2,  etc.,  pi.- 19. 

*'The  remainder  of  the  crystal  figured  are  essentially 
pyramidal  in  type.  The  most  interesting  of  these  is  figure  17, 
pi.  20,  in  which  the  planes  m  and  e  are  ''in  equilibrium''  and 
thus  form  a  nearly  regular  hexagonal  pyramid.  This  is  one  of 
most  common  and  striking  types  occuring  at  the  locality ;  many 
of  the  crystals  occurring  implanted  upon  massive  quartz  have 
this  habit.  The  front  edge  of  the  prism  m  is  not  infrequently 
truncated  by  the  macropinacoid  a,  and  sometimes  the  planes  c,  x, 
X  and  t  are  also  present  as  shown  in  figs.  20, 22,  23,  pi.  20,:  these 
more  complex  forms  still  preserve  the  hexagonal  aspect  by  the 
predomination  of  e  and  m.  Fig.  19,  pi.  20,  is  a  form,  observed 
by  Penfield,  of  small  crystals  implanted  thickly  on  a  porous 
siliceous  gaogue. 

''In  fig.  21,  pi.  20,  a  form  is  shown  in  which  the  pyramid  e 
predominates,  only  modified  by  z  and  m ;  in  fig.  24,  pi.  20,  m  is 
absent  and  only  the  pyramid  e  present  with  its  front  edge 
beveled  by  ^.  The  ordinary  projection,  used  in  fig.  21,  pi.  20, 
fails  to  give  the  true  effect  of  this  type,  which  is  that  of  an  acute 
nearly  square  pyramid,  elongated  in  the  direction  of  the  a  axis. 
TThe  shape  is  better  exhibited  in  the  basal  projection  of  fig.  24^ 
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pl.  20.  This  form  is  ioteresting  in  the  same  way  as  fig.  1^  pi.  19, 
in  that  it  approximates  in  form  and  angle  to  the  common  aoute 
octahedron  of  the  third  form  of  titanium  dioxide,  octahedrite^ 
The  pyramidal  angles  of  the  latter  species  are  82^  9\  82°  9'  and 
43°  24^  (basal),  while  the  corresponding  angles  of  brookite  are 
84°  38',  78°  57'  and  44°  23'.  This  type  of  crystal  is  often 
altei*ed  to  rutile.  It  may  be  added  that  the  crystal  figured  in 
24,  pl.  20,  was  most  strikingly  like  the  pseudomorphs  erf  wolfram 
after  scheelite  from  Monroe,  Connecticut. 

''As  has  been  remarked  by  Penfield,  the  brookite  from 
Magnet  Cove  is  ill  adapted  for  close  measurements.  Many  of 
the  planes  are  straited,  as  those,  of  the  prismatic  zone,  and  tho^e 
of  the  zone  z,  x*  X'f  ^'*  Even  when  the  planes  are  seemingly 
smooth  they  give  uncertain  or  multiple  reflections.  The  follow- 
ing measurements  obtained  from  the  best  of  the  crystals  under 
examination,  are  however,  worth  recording,  though  not  deserv- 
ing of  great  weight. 


Measured. 

CalcuUtad  (KokaobarowV 

XX' 

124  :  124 

280  46'  \ 
28°  31'  J 

28°   28' 

x"x"' 

124  :  IS4 

XX" 

124  :  124 

48°  44'  \ 
48°  56' ) 

48°  54' 

x'x'" 

124  :  124 

^  ^^                ^^    ^ 

zz' 

112  :  112 

53°  47'  1 
53°  44'  J 

58°  48' 

Z"3"' 

112  :  112 

V^*^            ^K^ 

2Z" 

112:112 

44°  45'  1 
44°  46'  J 

44°  46' 

j'z'" 

112  :  112 

^^           Jk\f 

mm'" 

110  :  110 

79°  25' 

80°  10' 

^^A  comparison  of  these  angles  and  those  obtained  by  Pen- 
field  show  a  considerable  variation  among  themselves;  while  on 
the  whole  they  correspond  tolerably  well  with  the  measurements 
by  Eokscharow  of  Russian  crystals.'' 

The  latest  contribution  to  a  knowledge  of  the  brookite 
and  rutile  from  Magnet  Cove  consists  of  an  article  by  Max 
Bauer  entitled  '^  Ueber  die  Paramorphosen  von  Rutil  nach 
Brookit  von  Magnet  Cove,  Arkansas''.  * 


•  BBltrlgt  vox  Mincralogf e,  VII.  Beihe  (No.l4).  Keues  Jabrb.  t  Mllnenil.,  Jabrgug,  1891, 
Bud,  L,  pp.  S17-S82. 
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B&uer  was  led  to  undertake  this  investigatioa  by  the 
deeire  to  follow  further  the  question  whether  or  not  there 
exist  in  nature  true  paramorphs,  that  is  crystals  which  have 
simply  changed  their  crystal  form  by  a  re-arrangement  of  the 
molecules  without  changing  their  substance  in  any  way. 
He  had  already  studied  the  pseudomorphs  of  calcite  after 
aragonite  from  Klein-Sachsenheim*  and  the  pseudomorphs 
of  aragonite  after  calcite  from  Swedenf  and  in  both  cases 
had  shown  that  something  more  than  a  simple  molecular  re- 
arrangement had  taken  place.  He  then  decided  to  investi- 
gate the  crystals  of  rutile  in  the  form  of  brookite  from  Mag- 
net Cove,  which  had  been  described  by  G.  vom  Rath.J 

The  first  investigations  were  made  on  the  rutiie-like 
Brookite  crystals  originally  described  by  vom  Rath  §  and 
£.  S.  Dana II .  These  crystals  are  bounded  by  the  faces  Jf= 
ooP(llO)  and  ^=JP(112)  and  according  to  the  measurement 
of  the  angles  they  are  undoubtedly  of  the  brookite  form.  G. 
vom  Bath  found  the  specific  gravity  of  these  crystals  to  be 
that  of  rutile. 

Bauer  redetermined  one  of  vom  Bath's  weighings  and 
found  it  perfectly  correct.  He  compares  vom  Bath's  several 
determinations  of  the  specific  gravity  of  these  pseudomorphs 
with  the  values  of  brookite,  arkansite,  rutile  and  nigrine 
given  in  Websky's  tabled  and  remarks  that  the  values  found 
for  the  in  mineral  question  are  appreciably  higher  than  those 
of  unaltered  brookite  and  approach  the  values  given  for  rutile. 
He  adds,  however,  that  these  results  alone  have  but  little 
^significance  since  some  specimens  of  brookite  show  valuea 
higher  than  those  found  for  the  pseudomorphs  and  that  the 
variations  are  probably  due  in  a  great  measure  to  the  amount 
of  ferric  oxide  contained  in  the  mineral. 


*  Neues  jHhrb.  f.  Mineral.,  Jahi^Dg,  1886,  Band  I.,  p.  62. 

t  Neties  Jahrb.  I.  Mlnera'.,  Jahrg^og,  18M,  B^od  I.,  p.  12. 

}  Poggendorff  *b  Annalen,  Band  OLVIII,  1876,  p.  407;  etc.,  (See  p.  809  of  thla  report). 

I  P«*gg.  Ann.,  1.  0.,  (Plat^  V.,  Fig.  14.)  (Fig.  82,  p.  810  of  thU  report.) 

I  Am.  Jour.  Sci.,  merles  8,  VoL  XXXII.,  1888,  p.  814.  Plate  VIIL,  Fig.  1.  (PUIe  19., 
Hg.  1  of  this  report.) 

f  Die  Mineralapecies  nach  den  fQr  das  speciflsohe  Gewicbt  denelben  angeoomnianen  and 
;g«(u«deDen  Wertben.    Braalau,  1868. 
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In  order  to  determine  whether,  notwithstanding  the 
high  specific  gravity,  brookite  substance  and  not  rntile  was 
present.  Bauer  made  a  microscopic  investigation  of  a  thin 
section  of  one  of  these  pseudomorphs.  The  crystal  which  he 
examined  was  bounded  by  the  faces  already  mentioned  and, 
in  addition  to  these,  by  the  faces  X=hP^  (124).  The  crystal 
was  shown  by  a  contact  gonimeter  to  have  the  brookite  form 
and  its  specific  gravity  (4.281)  was  found  to  be  even  greater 
than  that  determined  by  vom  Rath.  A  thin  section  was  cut 
at  right  angles  to  the  prism  edge  if:  Jf.  The  section  has  a 
reddish'  yellow-brown  color  and  is  almost  without  dichroism. 
The  structure  is  not  uniform  over  the  whole  surface.  In  some 
parts  a  distinct  cleavage  is  observed  which  over  large  areas 
possesses  a  certain  direction,  but  this  orientation  is  not  the 
same  in  all  the  areas.  Two  sets  of  cleavage- cracks  at  right 
angles  to  each  other  appear  over  large  surfaces  and  cover  the 
larger  part  of  the  section  ;  in  other  parts  of  the  section  two 
equally  distinct  systems  of  cleavage-cracks  appear  which  are 
not  perpendicular  to  each  other,  while  in  other,  smaller  and 
less  numerous  areas  only  one  system  of  sharp,  parallel  cracks 
occurs.  Lastly,  other  areas  of  small  size  occur  in  which  the 
parallel  cleavage  does  not  appear,  but  is  replaced  by  a  num- 
.ber  of  irregular  cracks.  These  different  areas  are  all  sharply 
separated  from  each  other. 

A  number  of  wide  clefts  appear  among  the  fine  cleavage- 
cracks  and  have  the  same  directions,  but  only  in  rare  cases 
do  they  reach  the  edge  of  the  section.  They,  like  the  fine 
cleavage-cracks,  are  certainly  not  the  result  of  the  cutting  of 
the  section,  but  were  present  in  the  crystal  previous  to  that' 
operation,  otherwise  they  would  reach  to  the  edge.  The 
areas  without  the  cleavage-cracks  form  a  complete  skeleton 
which  only  at  one  point  comes  to  the  edge  of  the  section 
(this  probably  indicates  the  point  of  attachment  of  the  crys- 
tal) and  is  everywhere  else  surrounded  by  the  portions  con- 
taining cleavage-cracks  and  those  without  show  the  surface 
appearance  of  substances  with  a  high  index  of  refraction. 
In  parallel  polarized  light  the  parts  without  cleavage- 
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cracks  have  virtaally  a  uniform  extinction  and  show  the  optio 
oharacteristics  of  an  anisotropic  body. 

The  portions  in  which  cleavage  cracks  appear  act  dif« 
ferently  according  to  the  orientation  of  those  cracks.  Thus 
the  areas  with  the  single  system  of  cracks  and  those  with  the 
oblique  angled,  double  system  act  similarly  to  the  portions 
just  described,  while  the  areas  with  the  right  angled  systems, 
which  are  more  common  than  all  the  rest  together,  show  the 
optic  characteristics  of  an  isotropic  substance.  If  this  be  ex- 
amined in  convergent  polarized  light  a  black  cross  with  very 
close  rings  is  observed.  In  the  other  portions  of  the  ^section 
no  interference  figure  appears. 

There  is  little  doubt  but  that  the  brownish  red,  uniaxial 
sub8tan<!e  with  a  high  index  of  refraction,  strong,  negative 
double  refraction,  and  slight  dichroism,  which  has  two  systems 
of  cleavage-cracks  at  right  angles  to  each  other,  is  rutile,  while 
the  portions  of  the  crystal  without  cleavage* cracks,  and  which 
give  no  interference  figure,  consist  of  the  brookite  which  gives 
the  form  of  the  whole  crystal. 

The  way  in  which  these  two  minerals  are  arranged  in 
regard  to  each  other  shows  that  the  rutile  has  formed  from  the 
brookite  and  principally  by  a  change  of  substance  from  the 
outside  toward  the  interior.  The  only  point  where  the  brookite 
substance  appears  on  the  outside  is  at  the  point  of  attachment. 
The  alteration  appears  also  to  have  taken  place  in  a  small  degree 
from  the  inside. 

It  seems  probable,  as  far  as  it  is  possible  to  judge  without 
chemical  analyses,  that  the  alteration  has  proceeded  without  any 
chemical  change.  A  chemical  change  could  hardly  consist  in 
anything  else  than  a  separation  or  perhaps  an  absorption  of 
FejO,.  Blum^  assumed  that  in  such  a  change  FejO^  is  separated 
and  forms  brown  iroB  ochre  in  the  holes  of  the  crystals  whose 
transversely  broken  surfaces  he  examined.  Such  iron  ochre 
does  not  appear  in  the  crystals  examined  by  Bauer  and  be  states 
that  if  the  almost  completely  similar  color  of  the   secondary 

*  FMudomorphoMii,  4,  Nachtrag,  1876,  p.  109. 
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rutile  and  original  brookite  can  be  considered  as  an  indication  of 
an  approximately  equal  amount  of  iron  in  the  two  crystals,  tliere 
is  nothing  whatever  to  sugf2^st  a  change  in  the  chemical  consti- 
tution of  the  crystals  and  the  pseudomorphs  must  be  considered 
as  paramorphs  of  rutile  after  brookite. 

The  fine  cleavage-cracks  and  wider  clefts  in  the  rutile 
portion  of  crystals  add  strength  to  this  conclusion,  for  the  rutile 
is  specifically  heavier  than  the  brookite  and  consequently  a 
given  quantity  of  TiOj  occupies  less  space  in  the  form  of  rutile 
than  in  the  form  of  brookite.  When,  therefore,  a  given  space  is 
occupied  by  brookite  material  and  it  changes  to  rutile  cracks 
and  cavities  must  appaar. 

The  rutile  crystals  formed  by  the  re-arrangement  of  the 
molecules  of  the  brookite  have  not  the  same  orientation  through- 
out the  whole  mass  although  they  are' often  found  to  be  similarly 
orientated  over  considerable  areas.  Thus  the  greater  number  of 
the  secondary  rutile  crystals  have  their  principal  axes  parallel  to 
the  vertical  axis  of  the  original  brookite.  Another  portion  of 
the  rutile  crystals  cut  the  prism  faces  of  the  brookite  at  an  angle 
and  produce  the  moiri  lustre  described  by  vom  Rath.  In  the 
same  manner  the  large  mass  of  rutile  crystals  parallel  to  the 
vertical  axis  produce  a  similar  lustre  upon  the  pyramidal  faces 
of  the  brookite.  The  secondary  rutile  crystals  are  bounded  on 
the  outside  by  regular  faces  which  make  very  small  angles  with 
the  brookite  faces.  A  slight  turning  of  the  crystal,  therefore,, 
produces  first  a  reflection  from  the  faces  of  the  rutile  and  then 
from  those  of  the  brookite  and  gives  rise  to  the  moiri  lustre, 

Bauer  states  that  he  was  unable  to  find  any  definite  relation 
between  the  position  of  the  inclined  rutile  needles  and  the  ele- 
ments of  the  brookite  crystals,  but  thinks  it  possible  that  such  a 
relation  might  be  established  by  examining  a  larger  quantity  of 
material  than  he  had  at  his  disposal. 

There  occur  at  Magnet  Cove,  according  to  Bauer,  two- 
varieties  of  brookite ;  first  the  black  arkansites  in  comparatively 
small  crystals  bounded  by  the  faces  M=ooP  (110)  and  e=JPi 
(122).    These  are  all  fresh  and  unaltered.     Second  the  reddish 
l>jrown  brookite  crystals  with  the  rutile-like  forms  which  are  ail 

21  OMloglM);  Vol.  ii.,  1800. 
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more  or  less  completely  altered  into  rntile.  Bauer  remarks  that 
E.  S.  Dana  states  that  the  rutile-like  forms,  and  also  the  anataae- 
like  forms  (fig.  24,  plate  20)  are  commonly  altered  to  rutile,  and 
adds  that  all  those  of  the  latter  form  that  he  has  seen  are  entirely 
unaltered.  Baner  states  that  the  reddish  brown  brookite  crystals 
are  much  more  commonly  altered  to  rutile  than  the  black 
arkansite  and  suggests  that  this  may  be  due  to  the  greater 
amount  of  iron  contained  in  the  first* 

Through  what  agencies  the  alteration  of  brookite  to  rutile 
has  been  effected  Bauer  writes  that  he  is  not  in  a  position  to 
state  nor  even  conjecture  and  that,  although  according  to  G.  Rose's 
investigations  brookite  is  known  to  pass  into  rutile  by  being 
raised  to  a  red  heat,  such  a  process  could  not  possibly  have  taken 
place  in  this  case. 

As  is  seen  from  the  foregoing  papers  while  little  is  left  to  be 
described  as  regards  the  chemical  or  crystallographic  constitu- 
tion of  this  mineral,  but  very  little  is  known  about  its  occurrence 
-and  geologic  relations.  The  writer  has  consequently  taken 
especial  pains  to  examine  the  matter  as  fully  as  possible  and 
with  the  following  results. 

As  has  been  stated  the  brookite  crystals  are  found  only  upon 
•quartz  and  sandstones  of  the  region  included  within  the  Cove 
f)roper  or  the  belt  immediately  adjoining  it  near  Magnet  Post- 
office,  or  lying  loose  in  the  soil  where  they  have  been  left  by  the 
disintegration  of  the  sandstone.  Inside  the  Cove  they  are  found 
around  the  whole  ring  beginning  near  D.  R.  Rutherford's  house 
No.  2,  at  which  point  the  paramorphs  of  rutile  after  brookite  are 
most  common  and  appearing  again  south  of  the  north  ridge. 
South  of  Thomas  Holt's  house  near  the  road  leading  south  along 
the  ridge,  brookite  is  found  in  beautiful,  red,  semi-transparent 
crystals  implanted  on  the  surface  of  a  semi-decomposed  sandstone 
which,  according  to  Mr.  L.  S.  Griswold  of  the  Survey,  overlies 
the  novaculite. 

A  very  perfect  red  crystal  about  7mm  long  from  this 
locality  was  sent  to  the  writer  by  W.  J.  Kimzey  of  Magnet  Cove 

*  Beyond  this  point  Baner*!  paper  becomes  a  dlacossion  of  peculiar  forms  of  twin  rvtUe 
erystals  and  the  substance  of  it  Is  given  under  tbe  head  of  rutile.  (See  page  S2S.)  The  paper 
«loses  with  the  next  sentence  of  the  text. 
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and  upon  close  examination  it  was  found  that  the  surface  of  the 

sandstone    upon    which   the    crystal   occurs  is  coated   with  a 

complete   network  of  minute  tabular  feldspar  crystals  which 

never  exceed  0.2mm  in  their  greatest  dimensions.    These  were 

tested  chemically  as  completely  as  the  small  quantity  of  material 

at  hand   would  permit    and  the   results    indicate  that  some 

member  of  the  plagioclase  series  is  present  since   both  sodium 

and  lime^  but  not  potassium  were  detected.     Again  on  the  south 

and  east  sides  of  the  Cove  brookites  occur  scattered  among  the 

decomposition  products  of  the  syenite.     It  is  evident,  however, 

from  the  preceding  considerations  that  these  have  been  left  by 

the  decomposition   of  the  sandstone  on  which  they  were  formed 

and  do  not  belong  to  the  syenitic  rocks. 

Those  brookites  which  occur  implanted  on  the  quartz  crys- 
tals and  are  found  south  of  Magnet  Post-office  are  the  least 
perfectly  formed  crystals  of  all  those  found  about  the  Cove  and 
it  was  to  them  that  Shepard  referred  when  he  spoke  of  the  d  face 
{orthopinacoid  (100)  made  up  of  prisms  (110))  as  being  ^'brilliant, 
through  drusyi  and  channelled  vertically  ".  In  many  cases  these 
drusy  faces  have  been  developed  to  such  an  extent  that  the 
crystals  consist  only  of  thin  plates  parallel  to  the  orthopinacoid 
(100)  terminated  by  extremely  narrow  pyramid  faces.  Some 
peculiar  conditions  of  growth  seem  to  have  confined  this  form  to 
the  quartz  crystals  and  to  have  made  them  either  extremely  rare 
or  altogether  wanting  elsewhere. 

The  question  regarding  the  formation  of  these  crystals  is  by 
DO  means  an  easy  one.  That  they  are  directly  referable  to  the 
metamorphic  action  of  the  syenite  is  beyond  a  doubt  since 
nowhere  else  in  this  extensive  series  of  sedimentary  rocks  have 
any  such  crystals  been  found. 

The  novaculites  and  overlying  sandstones  as  far  as  they  have 
been  investigated  are  either  perfectly  free  from  titanic  acid  or 
else  contain  it  only  in  small  quantities.  The  syenite  must  there- 
fore be  regarded  as  the  source  of  the  titanium  from  which  the 
brookites  were  formed.  The  most  plausible  theory  to  account 
for  the  transformation  of  this  element  from  its  original  condition 
xis  titanite,  ilmenite  or  leucoxene  in  the  syenite  to  that  of  brook- 
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lie  and,  as  will  be  seen  presently,  to  rutile  and  menaccanite  a» 
well,  is  that  it  was  dissolved  by  the  hot  water  and  steam  under 
pressure  while  the  latter  were  in  contact  with  the  syenite  and 
was  recrystallized,  not  in  its  old  form  but  as  pure  titanic  acid^ 
when  it  reached  the  sandstone  and  quartz  crystals.  The  titanium 
oxides  may  perhaps  be  considered  as  having  been  directly  vola- 
tilized at  the  time  of  the  intrusion  of  the  syenite  and  to  have 
condensed  as  the  dioxide  directly  or  else  they  may  have  been 
volatilized  as  the  chloride  of  titantium  and  have  been  broken  up^ 
on  contact  with  the  air  and  have  formed  the  dioxide  where  it  ia 
now  found. 

JRutile  occi^rs  in  several  places  about  the  Cove  and,  although, 
not  nearly  so  widely  distributed  as  the  brookite,  very  often  ac^ 
companies  it.  Thus  at  the  southwestern  corner  of  the  Cove,  on 
what  has  already  been  mentioned  as  Perofskite  Hill,  the  crys-^ 
of  rutile  are  still  quite  common  and  were  formerly  exceedingly 
plentiful.  At  the  southeast  corner  of  the  Cove  at  the  brookite 
locality  southeast  of  the  house  marked  B.  C.  Preston,  No.  1  the 
rutiles  are  not  at  all  uncommon. 

The  crystals  very  seldom  appear  as  single  individuals,  but 
are  almost  always  found  as  twins  according  to  some  one  of  the 
various  twinning  laws. 

The  first  mentioned  made  of  rutile  twins  and,  as  far  as  is. 
known  to  the  writer,  of  the  occurrence  of  this  mineral  itself  at 
Magnet  Cove  was  made  by  Fr.  Hessenberg  *  in  1864.  Hessen* 
berg  described  multiple  twins  in  which  both  the  laws,  compos!^ 
tion  face  Poo  (10})  and  composition  face  3Poo  (301)  were  com- 
bined in  the  same  crystal. 

Some  of  the  most  interesting  forms  of  rutile  which  occur  in 
Magnet  Cove  are  the  world- renowned  sixlings  and  eightlings. 
The  latter  were  first  described  and  figured  by  6.  vom  Rath.f 

One  of  the  most  common  twinning  laws  observed  in  the 

*  Mineral  NoUzen,  No.  5.  Abhandlnogen  ?oii  d.  Senkenberg  naturf.  Gesell.  su  Fraok^ 
furt,  Band  IV.,  p.  206. 

This  article  was  not  accessible  to  the  writer  and  (be  note  of  it  is  taken  from  Dana's 
mention  of  his  work  (Descriptive  Mineralogj,  by  J.  D.  Dana,  Fifth  Edition,  11868,  p.  ItO) 
and  Batter's  reference  to  it  in  bis  recent  paper  (K.  Jahrb.  f.  Mineral.,  Jahrgang  1891,  Band  I.^ 

p.  280.) 

t  Zeitschrift  flir  KrysUllographle,  Band  L,  1877,  p.  IS. 
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crystals  from  Magnet  Cove  is  that  in  which  the  pyramids  of  the 
second  order  are  the  twinning  planes.  When  a  number  of  such 
crystals  grow  together  to  form  a  cyclic  twin  as  is  well  shown  by  G. 
H.  Williams  in  his  Elements  of  Crystallography  *  the  growth 
may  be  effected  it  two  ways: — first  by  the  use  of  opposite  faces  of 
the  pyramid|(011)  and  (Oil),  as  the  twinning  planes,  thus  form- 
ing a  cyclic  twin  in  which  the  vertical  axes  of  the  individual 
crystals  all  lie  in  the  same  plane  forming  such  a  sizling  as  that 


'.•"Or 
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Fig.  38.    SixUngqfnUile  from  Magnet  Cove.    Scale— 4:1. 

represented  (Fig.  33) ;  second  by  the  use  of  contiguous  faces  of 
the  same  pyramid  (Oil)  (101)  alternately  as  the  twinning 
planes,  thus  forming  a  cyclic  twin  in  which  the  vertical  axes 
form  a  zigzag,  and  in  which  eight  individuals  are  necessary  to 
complete  the  cycle  (Fig.  34).    Specimens  of  both  of  these  varie- 


Fig.  34.    Eighiling  of  rutile/rom  Magnet  Cove,    Scale>»8:l. 

ties  are  not  uncommon  at  Magnet  Cove  and  in  some  cases  the 
degree  of  perfection  with  which  the  cycle  has  been  completed  is 
very  remarkable.  Specimens  of  the  second  variety  have  been 
found  in  which  both  the  exterior  and  interior  faces  were  present 
"and  the  small  hole  through  the  center  was  as  sharply  bounded  as 
if  the  crystal  had  been  artificially  cut. 


«  Elements  of  Crjstallo^rApbj  by  G.  H.  Williama,  New  York,(Henr7  Holt)  1890, p.  198. 
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In  a  part  of  Bauer's  paper  on  paramorphs  of  ratile  after 
brookite*  he  discusses  a  new  twinning  law  of  rutile. 

He  states  that  although  from  the  discussions  of  paramorphs  it 
is  evident  that  there  are  many  examples  of  true  paramorphs  of 
rutile  after  brookite  as  described  by  von  Bath,  there  were  also 
some  varieties  described  by  him  as  being  such,  which  were^ 
howeveri  never  brookite  crystals,  but  were  always  rutile. 

Certain  twin  forms  of  rutile  imitate  so  closely  the  ordinary 
form  of  arkansite,  which  is  made  up  of  the  striated  faces 
Jlf=ocP(110)  and  the  smooth  faces  e=Pi  (122),  that  they  might 
easily  be  mistaken  for  the  latter. 

The  arkansite  form  shown  in  fig.  2,  pi.  21,  (in  which  it  i& 
so  drawn  that  the  macrodiagonal  6  stands  at  right  angles  to  the 
plane  of  the  paper)  has  a  dihezahedral  appearance  similar  to  that 
which  a  rutile  sizling  (composition  plane  ooP  (110)  )  may  have 
when  the  crystal  is  bounded  only  by  the  deeply  striated  prisms 
g--ocP  (110).  Such  a  composite  crystal  where  the  principal 
axes  of  the  six  individuals  all  lie  in  the  plane  of  the  paper  is 
shown  in  fig.  1,  pi.  21.  The  angles  marked  on  the  figures  and 
the  variation  in  the  direction  of  the  striation  of  the  faces  give 
the  points  of  difference  between  the  two  minerals.  Crystal 
measurements  in  some  cases  showed  that  rutile  and  net  brookite 
was  present.  The  rutile  crystals  sometimes  occur  with  all  six 
individuals  present  or  with  only  some  of  them,  as  for  example,. 
II,  III  and  IV  (Fig.  1,  pi.  21,)  so  that  the  crystal  has  three  broad 
faces  where  the  three  other  individuals  should  be.  As  is  com- 
mon in  such  rutile  combinations  sotne  of  the  rutile  individuals, 
extend  over  the  other  neighboring  ones;  thus  on  the  face  of  the 
apparent  dihexahedron  (Fig.  1,  pi.  21,)  narrow,  elongated  crys- 
tals which  are  parallel  to  the  polar  edges  of  the  dihexahedron 
are  formed.  Each  face  g  has  or  may  have  two  such  systems  of 
parasites  which  often  intersects  each  other  as  on  individuals  ii 
and  IV,  or  do  not  touch  each  other  as  on  iii.  Each  of  these 
small  crystals  is  bounded  on  the  top  by  a  flat  face  which  Is  paral- 
lel to  the  face  g  of  the  main  crystal  complex,  whose  intersection 
with  the  face  g  on  which  the  small  crystal  is  situated  is  parallel 

<*  £ce  pages  317ff.  of  this  report. 
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to  the  loDger  axis  of  that  crystal.  Thas  the  email  crystal  mark- 
ed III  on  g^  is  bounded  above  by  a  face  parallel  to  g^  etc.  These 
faces  of  the  small  crystals  are  striated  in  precisely  the  same  way 
z&  the  faces  of  the  crystal  complex  to  which  they  are  respectively 
parallel  and  it  is  therefore  evident  that  they  are  only  continua- 
tions of  an  intermediate  individual  over  the  faces  of  the  adjoin* 
io^  individuals.  The  small  crystals  are  not  always  as  regular 
as  those  shown  in  the  the  figure  for  they  are  not  always  parallel 
to  the  edges  and  often  by  crowding  together  they  form  rough 
areas  on  the  apparently  dihexahedral  faces.  The  multiple  twins 
are  not  uncommonly  made  up  of  crystals  which  themselves  con- 
sist of  parallel,  prismatic  or  acicular  crystals  which  are  above  and 
below  terminated  by  pyramidal  faces.  G,  vom  Rath  pictures 
this  *  and  it  is  only  necessary  to  substitute  the  letter  g  referring 
to  the  rutile  face  in  place  of  his  M  and  e  which  refer  to  brookite 
to  make  his  drawing  applicable  to  this  case. 

The  rutile  of  Magnet  Cove  often  assumes  by  another 
peculiar  form  of  twinning  a  rhombic  habit^  which  might  be 
mistaken  for  arkansite.  This  is  the  more  easily  possible  since 
these  crystals  are  black  like  the  arkansite  and  not  red  like  the 
common  rutile. 

While  in  the  rutile  twins  already  described  the  twinning  plane 
Poc  (101)  is  also  the  composition  plane  in  this  case  the  com- 
position plane  is  perpendicular  to  the  twinning  plane.  This  is 
shown  diagrammatically  in  figures  8-5,  plate  21.  Two  faces  of  the 
principal  pyramid,  «=P  (111),  viz  :  9f  and^',  which  are  inclined 
forward  give  reflections  at  the  same  moment  and  therefore  lie  in 
the  same  plane  and  the  pair  of  rear  faces  8  are  also  situated  in  a 
similar  manner.  The  latter  cut  the  former  in  a  single,  straight 
line  which  is  represented  as  horizontal  in  the  figure,  and  form 
an  angle  a  :  «==123°  8'  which  is  that  of  rutile.  The  cleavage 
and  specific  gravity  also  correspond  with  those  of  rutile.  Since 
the  edges  made  by  the  two  pairs  of  pyramidal  faces  lie  in  the 
same  straight  line  the  pyramids  of  the  second  order  which  sym- 
metrically truncate  these  edges  fall  into  one  plane  and  form  the 

«  Verbandl.  des  naturhiBtor.  Vereins  ffir  Rhelnland  uod  Westphalen,  Band  XXXIV. ^ 
on  plate  1.,  6g.  12  aod  Pogg.  Annaleo,  Band  CLVIII.,  p.l87,  on  plate  V.,  fig.  18.  See  also  fig. 
81 ,  on  page  809  of  thiH  report. 
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twinniog  plane.*  The  directions  of  the  striated  prism  faces  g^ 
and  ^  indicates  that  the  composition  plane  is  at  right  angles  to 
the  twinning  plane.  In  fig.  3,  pi.  21,  the  faces  «  of  both  the 
individuals  are  completely  formed  while  in  figs.  4  and  5,  pi.  21, 
the  two  individuals  are  somewhat  pressed  together  so  that  the 
middle  faces  %  do  not  retain  their  full  size;  in  fig.  5,  pi.  21, 
moreover,  the  middle  fiices  ^  and  ^  which  formed  re-entrant 
angles  in  figs,  3  and  4,  pi.  21,  do  not  appear.  Fig.  5,  pi.  21, 
presents  a  great  similarity  to  the  heart-shaped  twins  from  the 
Ural  Mountains,  Brazil,  etc.,  but  if  the  composition  and  twin- 
ning plane  were  3Poc  (301)  as  in  that  case  the  faces  «'  and  ^ 
would  make  a  re-entrant  angle  of  170^  28'  with  each  other  and 
the  straight  edge  along  the  top  of  the  twin  would  be  broken  by 
a  re-entrant  angle  of  169^  9'.  It  is  not  fully  established, 
according  to  Bauer,  that  the  law,  twinning  and  composition 
face  3Poc  (301)  is  correct  for  the  heart-shaped  crystals 
and  the  fact  that  Hessenberg  describes  a  crystal  from  Magnet 
Cove  in  which  he  detected  both  the  twinning  laws  3Poo  (301) 
and  Poo  (101)  leads  him  to  believe  that  the  former  was  confused 
with  the  law  just  enunciated  by  him. 

These  crystals  are  generally  so  arranged  that  they  are 
attached  near  the  point  where  the  prism  faces  g  form  their  upper 
angle  and  hence  the  crystals  are  bounded  almost  solely  by  the 
pyramid  faces  «•  This  is  indicated  in  fig,  5  pi.  21,  by  the 
irregular  line  m  m;  that  portion  above  this  line  forms  the  crystal 
while  that  which  is  represented  below  the  line  does  not  exist  in 
most  of  the  natural  crystals.  Figures  6,  7  and  9,  pi.  21,  illus- 
trates the  same  thing.  The  upper  end  of  fig.  5,  pi.  21,  apparently 
represents  an  orthorhombic  crystal  which  would  be  more  likely 
to  be  referred  to  arkansite  than  rutile  and  it  is  only  after  a 
careful  examination  that  its  true  character  appears. 

<■  It  appears  to  the  writer  that  the  composition  plane  might  be  considered  the  twlnninx 
plane  as  well  as  the  plane  Poo  (101)  (or  a  rerolution  of  180°  about  an  axis  perpendioalar  to  it 
would  cause  the  two  portions  ot  the  twin  to  form  parts  of  the  same  crystal.  The  plane  has  the 
crjstallographic  position  of  a  steep  pyramid  of  the  second  order  and  malces  an  angle  of  32^  4S' 
with  the  rertical  aiis.  The  pyramid  V  P^  (12.0.5)  makes  an  angle  of  32°  98K'  ▼ith  the  ver- 
tical axis  which  approaches  that  made  by  this  composition  plan^,  but  is  not  exactly  identical 
with  it.  Since  this  plane  is  determined  directly  from  the  pyramid  l*x  it  would  be  expected 
that  it  would  have  a  simpler  form. 
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Theae  crystals^  moreover,  form  polysynthetic  twins,  as  is 
shown  diagammatically  in  fig.  6,  pi.  21 ,  and  in  such  cases  also  the 
apparently  orthorhombic.form  is  always  present. 

The  single  individuals^  however,  do  not  often  in  nature  form 
regular  straight  rows,  but  are  more  often  arranged  as  in  fig.  9, 
pi.  21,  alternately  before  and  behind  each  other.  Apparently 
complicated  twinned  masses  are  thus  formed  and  in  them  the 
pyramid  faces  8  give  simultaneous  reflections,  while  the  striated 
prism  faces,  although  quite  small,  intersect  each  other  as  shown 
io  the  figure. 

Forms  like  those  shown  in  fig,  7,  pi.  21,  appear  to  occur, 
but  have  not  been  determined  with  sufficient  accuracy.  The 
four  individuals  twin  according  to  the  law  just  described,  but  in 
this  case  they  have  changed  places,  so  that  the  individual  which 
in  figs.  S  and  5,  pi.  21,  was  on  the  right-hand  side  is  here  on  the 
left.  In  this  case  the  prisms  below,  instead  of  converging, 
diverge  from  each  other.  The  faces  8^  and  ^  reflect  simulta- 
neously. 

Further  complications  arise  when  twins  parallel  to  Poo  (101) 
are  combined  with  those  just  described  and  when  cyclic  twins, 
such  as  are  common  for  rutile,  combine  with  thoee  formed  by 
this  law  such  complicated  figures  result  that  it  is  extremely 
difficult  to  place  all  the  individuals  in  their  proper  relative 
positions. 

According  to  this  same  law  trillings  are  occasionally  formed, 
«8  is  shown  in  fig.  8,  pi.  21,  and  the  conditions  are  then  such 
that  a  central  individual  has  a  crystal  attached  to  it  on  both  sides 
in  such  a  way  that  the  faces  ^i,  and  ^i,  of  the  two  individuals  i 
and  II  reflect  at  one  time  and  in  the  same  way  faces  a^  ^^^  ?2  of 
I  and  III  reflect  at  the  same  instant  and  the  prism  faces  lie  as 
shown  in  the  figure.  It  appears,  also,  as  if  occasionally  the 
other  polar  edges  of  the  individual  l  were  occupied  by  twin 
crystals  so  that  a  fiveling,  like  that  which  occasionally  occurs 
-on  cassiterite,  is  formed. 

In  nature  these  trillings  are  fully  as  complicated  in  their 
structure  as  the  twins  pictured  in  figure  6,  pi.  21,  so  that  the 
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prism   faces  are  seldom   present   and   the  individuals  incline 
forward  and  backward  as  in  fig.  9,  pi.  21. 

The  rutile  crystals  which  are  found  implanted  on  the  surface 
of  the  hematite  crystals  described  below  are  always  single  indi« 
vidnals  and  are  seldom  more  than  2mm  in  length.  They  are  of 
a  dark|  blood«red  color,  very  brillianti  are  bounded  by  the  planes 
nuP  (110),  and  ooPcx)  (100),  and  P  (111),  and  lie  on  the  base 
(061)  of  the  hematite  crystal  in  such  a  way  that  their  principal 
axes  are  parallel  to  the  edges  made  between  the  base  (0001)  and  the 
negative  rhombohedrous  (1101). 

SemalUe  occurs  sparingly  on  the  hillside  at  the  western  side 
of  the  Cove  not  far  from  Perofskite  Hill.  The  crystals  are 
usually  found  in  the  stream  between  this  hill  and  the  western 
hill  and  occur  as  fiir  up  the  hjU  towards  the  west  as  the  Paleozoic 
rock  extends. 

Two  varieties  have  been  found  viz. :  the  large  flat  plates,  20 
to  25mm  in  diameter,  which  are  bounded  by  the  base  (0001), 
and  a  positive  rhombohedron  (1011).  Other  faces  have  been 
detected  on  some  of  the  crystals,  but  they  are  too  imperfect  to  be 
accurately  determined.  It  is  on  such  crystals  as  these  that  the 
rutile  crystals  occur. 

The  second  variety  of  crystals  consist  of  what  are  knows  as 
^'  iron  roses  "  (eisenrosen).  These  are  seldom  more  than  5  to  8mm 
in  diameter  and  are  made  up  of  numerous,  very  thin  plates  ar- 
ranged in  rosettes  so  as  to  resemble  a  full  blown  rose.  These 
crystals  are  very  similar  to  those  found  on  St.  Gothard 
Mountain  in  Switzerland. 

Both  of  these  varieties  of  hematite  are  imbedded  on  the 
sandstone  or  are  loose  on  the  surface  and  in  direct  association  witb 
it.  They  are  probably  related  to  menaccanite  (ilmenite)  in  their 
chemical  composition. 

B,    Contact  Minerals  from  the  C&lcite. 

The  minerals  which  make  up  this  group  are  found  at  the 
various  points  in  Cove  Creek  where  the  calcite  already  described 
(pages  183  and  184)  occurs  and  also  on  Perofskite  Hill  just  south- 
west of  where  the  Hot  Springs  and  Malvern  highway  crosses 
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Cove  Creek.  Although  no  caleite  can  now  be  found  in  place  on 
this  slight  rise  it  is  more  than  probable  that  it  was  once  present 
ID  quite  large  quantities  and  that  on  decaying  it  left  behind  the 
numerous  lime  silieates,  titauates,  etc,^  so  characteristic  of  such 
formations  elsewhere. 

Perofskite  {Dyeanalyte)  is  perhaps  the  best  known  of  all  the 
Magnet  Cove  minerals  which  fall  under  the  head  of  lime  contact 
minerals  and  hence  it  will  be  considered  first.  According  to 
James  D.  Dana*  perofskite  was  first  mentioned  from  Magnet 
Cove  bv  C.  U.  Shepard|  who  described  it  as  occurring  '4n  black 
cube  -octahedrons.^' 

The  specimens  of  this  mineral  which  commonly  occur  dififer 
very  much  in  the  development  of  the  faces  which  bound  them.. 
By  far  the  most  common  form  is  that  of  an  octahedron  (111) 
whose  corners  are  truncated  by  larger  or  smaller  cube  faces 


V 


<1 


Fig.  85. 


Fig.  37. 


Ffg.  36. 
PerqfakiU  from  Magnet  C9ve, 

(100)  (Fig.  35.)  In  some  cases  these  octahedral  planes  just 
touch  at  the  corners  leaving  the  cube  faces  as  squares  with  their 
corners  at  the  centers  of  their  original  edges  (Fig.  36.)  Then 
again  cubes  with  only  very  slight  octahedral  truncations  of  the 
corners  are  not  uncommon.  These  cubes  are  usually  elongated 
in  the  direction  of  one  of  the  principal  axes  making  right  rect- 
angular parallelopipedons  which  are  often  twice  as  long  as  they 
are  broad  (Fig.  37.) 

The  crystals  from  this  locality  were  used  by  Alfredo  Ben 
Saude  in  the  investigations  upon  the  optic  properties  of  this 
aiineral  which  were  described  in  his  paper  entitled  ^^TJeber  den 
Perowskit.'^t    Ben  Saude  examined  orientated  sections  of  perof- 

*  A  Sjsicm  of  MinenUogy,  6th  Edition,  1868,  p.  146.    (No  reference  is  gireo  ani)  na 
notice  of  this  minera]  could  be  found  by  the  writer  among  any  of  Shepard's  notes  on  the  miner- 
als of  this  region). 

t  "Ueber  den  Perowskit  von  Alfredo  Ben  Saude."    (GekrSnte  Preisschrift)  QOttlngenv 
1882. 
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skite  from  various  looalities  and  among  tbem  those  from  Arkan- 
sas play  an  important  part. 

He  examined  a  section  of  an  octahedral  crystal  which  was  cut 
parallel  to  the  cube  face  (100).  This  section  was  of  a  brown 
color  and  showed  considerable  pleochroism.  Between  crossed 
nicols  it  was  seen  to  be  made  up  as  shown  in  figs.  1  and  2,  pi. 
2.2.  Two  more  or  less  distinct  systems  of  lamellae  lie  parallel  to 
the  diagonals  of  the  section  and  are  extinguished  parallel  to  its 
boundaries.  Outside  of  these  systems  of  lamellss  the  section 
appears  nearly  or  quite  optically  inactive. 

In  convergCBt  polarized  light  two  hyperbolas  are  generally 
"Seen  lying  in  the  optically  active  lamellae  and  these  form  a  cross 
when  the  sides  of  the  section  of  the  octahedron  are  parallel  to  the 
planes  of  the  nicols.  The  inactive  parts  of  the  section  show  a 
single  optic  axis  and  it  is  found  that  the  position  of  the  black 
bar  passing  through  this  is  dependent  upon  its  position  in  the 
section.  Thus  in  two  dififerent  parts  of  the  section  the  bars 
stand  at  right  angles  to  each  other  (Fig.  2,  pi.  22.)  In  fig.  1, 
pi.  22  no  such  inactive  zone  occurs  and  therefore  no  single  axis 
appears^  but  only  pairs  of  hyperbolas  about  a  bisectrix  are  seen. 

Sections  from  octahedral  crystals  cut  parallel  to  an  octahe- 
dron (111)  present  such  an  appearance  as  is  shown  by  figs.  3  and 
4,  pi.  22.  Fig  8,  pi.  22^  represents  the  section  as  seen  in  non- 
polarized light  and  shows  a  decided  zonal  structure.  Fig.  4,  pi. 
22,  represents  the  same  section  in  polarized  light.  When  a 
selenite  plate  is  used  the  shaded  portion  of  the  section  appears 
green,  the  dotted  portion  ydUow  and  the  white  portion  red.  In 
^convergent  light  the  bars  passing  through  the  optic  axes  are 
-eccentrically  arranged  and  the  positions  of  the  planes  of  the 
optic  axes  are  found  to  be  at  right  angles  to  the  sides  of  the  sec- 
tion.   Lamellsd  are  also  occasionally  observed. 

Last  of  all  Ben  Saude  describes  a  section  cut  from  an  octa- 
hedral crystal  parallel  to  a  face  of  the  dodecahedron  (110). 
Such  a  section  is  shown  in  fig.  5,  pi.  22.  The  plate  is  indis- 
tinctly divided  into  quadrants  in  which  areas  of  different  orienta- 
tion occur.  It  is  comparatively  free  from  systems  of  lamellae. 
"The  interior  portion  of  the  section  usually  consists  of  an  area 
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which  extinguishes  parallel  to  the  diagonal  of  the  rhomb^  while 
the  portions  about  the  edge  extinguish  at  angles  of  46^  on  both, 
sides  of  the  shorter  diagonal.  By  the  use  of  a  selenite  plate  the 
section  is  seen  to  be  bluish  green  where  the  shaded  portion  is. 
shown,  yellow  where  the  area  is  dotted^  and  red  where  the  'sec- 
tion is  left  white.  In  the  portion  which  extinguishes  parallel, 
to  the  diagonals  of  the  rhomb  two  axes  about  a  vertical  bisectrix 
are  observed,  but  in  the  portions  which  extinguish  at  an  angle  of 
45°  only  one  axis  appears. 

Ben  Saude  did  not  succeed  in  getting  good  etched  iiguress 
from  the  Arkansas  crystals  and  although  he  devotes  a  large  por« 
lion  of  his  paper  to  the  appearance  of  the  etched  figures  on  crys- 
tals from  other  localities  he  makes  no  mention  of  those  from. 
Arkansas. 

No  analyses  appear  to  have  been  made  of  this  material  until- 
very  recently,  when  F.  W.  Mar  published  a  paper  entitled  ''On 
the  so  called  Perofskite  from  Magnet  Cove,  Arkansas/^*  ia 
which  he  shows  its  relation  to  the  mineral  dysanalyte  determined 
by  Knop  f  &s  constituting  the  supposed  perofskite  of  the  Eaiser- 
stiihl  in  Germany.  Mar  gives  his  method  of  analysis  and  then, 
his  results  in  per  cents  and  calculates  the  quantivalence  ratio  of 
the  oxides. 

It  appears  from  the  following  analyses  that  the  mineral  from. 
Magnet  Cove  holds  an  intermediate  place  between  dysanalyte 
and  theoretical  perofskite.  It  is  probable  that  none  of  the  older 
analyses  of  perofskite  given  in  Rammelsberg's  Mineralchemie 
are  correct  and  that  a  revision  of  them  would  show  that  larger 
or  smaller  amounts  of  niobium,  tantalum  and  other  metals  of  the 
cerium  group  are  present  in  almost  all  of  them.  The  question 
as  to  whether  the  Magnet  Cove  mineral  should  be  grouped  under 
the  dysanalyte  of  Enop  or  with  perofskite  proper  can,  therefore, 
only  be  determined  by  a  re-examination  of  the  older  perofskite 
analyses  and  by  an  exact  determination  of  the  rare  earths  that 
this  mineral  contains.  In  this  report,  therefore,  the  name 
perofskite  will  be  retained  for  the  Magnet  Cove  mineral. 

<*  Am.  Jour,  Sci.,  Series  8,  Vol.  XL,  1890,  p.  408. 
t  ZeiUchr.  far  Krjit.  Band  I.,  1877,  p.  284. 
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For  the  purpose  of  comparison  the  analysis  of  Mar  is  placed 
beside  other  analyses  and  the  theoretical  composition. 

Analyses  ofperofskiU  and  dysanalyte. 


I. 


CONSTITUENTS. 


TiO,.. 

SIO, 

NbaOa 

Ta.O,. 

Ce.O, 

<I*a,  Di),©,. 
(Vt.  Er)aOa. 

Fe.O, 

FeO , 

MnO 

C«0 

MgO 

Na,0 

Total 


DjaanalTto. 
KalMntahUGcr. 


41.47 


28.28 


II. 


Magnet  GoTe, 
Ark. 


m. 


6.72 


5.S1 

0.43 

1H.77 


8.57 


42.12 
0.C6 

4.88 
S.08 

0.10 

5.42 
6.16 
0.23 


Perofikito 
Zermatt,  8wiU. 

90.12 


IV. 


Theoretical 
GaTIO, 


68.88 


33.22 
0.74 


op*    \STwm  !••••••••■ 


100.00 
4.1H 


99.98 
4.18 


••  •«  •  ••  •••  •  •  *•  •  •••  •«•••• 


6.11 
85.81 


101.04 
4.088 


••••••••  ■«  •••••••«  m 


•  ••■•••••  •••»■*•••  ■••••* 


41.17 


100.00 


I.  Dysanalyte.    VoigUburg  KaiserslUhl,  Germany.    Analy.  by 
Knop.    N.  Jahrb.  fUr  Min.,  Jahrg.,  1877,  p.  647. 

II.  Perofskite  or  Dysanalyte,  Magnet  Cove,  Ark.    Analy.  by  F. 
W.  Mar,  Am.  Jour.  Sol.,  Ser.  3,  Vol.  XL,  ISOO,  p.  40S.  (loc.  olt) 

III.  Perolskite.    FindelengletAcher  near  Zermatt.    Switzerland. 
Analy.  by  Damour.  Ann.  Miu.  (4)  6,  p.  512. 

IV.  Theoretical  compoBltion  of  Ca  TIO3. 

Hydrotitanite  is  a  name  given  by  Konig*  to  the  altered  va- 
rieties of  perofskite  from  Magnet  Cove.  The  perofskite  is  often 
coated  with  a  yellowish  brown  or  gray  incrustation  which  haa 
been  shown  by  Konig  to  be  perofskite  from  which  much  of  the 
lime  has  been  extracted  and  water  added  by  meterologic  ac- 
tion. In  some  cases  this  is  only  superficial  while  in  others  it 
extends  almost  or  entirely  through  the  crystal. 


''  Proe.  Academy  Nat.  Sci.  of  PhiU.  1876,  p.  82. 
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The  analysis  given  hj  Konig  is  as  follows : — 
Analysis  of  hydrotitanUe  (Konig). 

TiO, 82.82 

FeA 7.76 

CaO 0.80 

MgO 2.72 

HjO 5.50 

Total 99.60 

Specific  gravity 3.581 

The  perofskite  and  hydrotitanite  both  occur  on  Perofskite 
Hill  as  well  as  occasionally  in  the  calcite  found  in  the  creek.  It 
is  evident,  therefore,  that  they  are  to  be  considered  as  meta- 
morphic  minerals.  It  is  also  very  commonly  found  attached  to 
octahedrons  of  magnetite  and  with  these  is  often  imbedded  a  mass 
of  fine  apatite  crystals. 

Magnetite  occurs  not  only  in  the  calcite  and,  as  just  de- 
scribed, with  apatite,  but  also  in  large  quantities  with  the 
calcareous  tufa  which  overlies  the  calcite.  It  consists  of  octa- 
hedral crystals  which  are  often  as  much  as  20mm  in  diameter. 
The  only  faces  which  have  been  observed  are  the  octahedron 
(111),  the  rhombic  dodecahedron  (110)  and  the  ikositetrahedron 
3PS  (811).  In  their  intergrowths  with  perofskite  no  definite 
relations  between  the  positions  of  the  axes  of  the  two  minerals  is 
observable. 

Apaiite  occurs  in  large  masses  of  radiate  and  parallel  needles 
imbedded  in  the  coarsely  crystalline  calcite.  The  crystals 
seldom  exceed  1mm  in  diameter  and  are  usually  much  smaller. 
They  are  frequently  of  a  very  light  green  color  and  it  is  not 
uncommon  to  find  both  light  yellowish  brown  and  pure  white 
masses  of  such  crystals  in  close  proximity. 

These  apatite  masses  resemble  very  strongly  those  already 
described  (page  220)  but  these  are  of  metamorphic  origin,  while 
those  were  formed  in  the  igneous  rock  itself. 

Biotite  or  phlogopite  occurs  in  the  metamorphosed  calcite 
and  forms  sharp,  six-sided  prisms  and  plates  of  a  dark,  pistachio- 
green  color.    Thin  cleavage  plates  of  this  mica  are  transparent 
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and  green  and  when  examined  nnder  the  microscope  in  con-^ 
vergent  polarized  light  they  are  seen  to  be  almost  uniaxial.  The 
optic  axis  angle  in  no  case  exceeds  3^.  The  plane  of  the  optic 
axes  is  the  symmetry  plane  of  the  crystal  and  the  mica  is  there- 
fore classed  with  those  of  the  second  order.  From  the  color  and 
small  optic  axis  angle  the  mica  would  be  considered  to  be  a 
biotite,  while  its  occurrence  in  the  metamorphosed  calcite  would 
suggest  that  it  is  a  phlogopite. 

Vesuvianiie  occurs  as  crystals  which  occasionally  reach  a 
very  large  size.  One  specimen  in  the  possession  of  the  writer 
measures  80mm  in  length,  but  it  is  by  no  means  a  perfect  crystal. 
Some  of  the  smaller  crystals  are  very  sharp  and  well  formed  and 
even  the  medium  sized  ones  often  show  faces  some  parts  of  which 
give  sharp  reflections.  The  crystals  are  usually  doubly  ter- 
minated and  the  pyramidal  faces  are  often  connected  by  remark- 
ably small  prismsi  which  in  some  cases  are  entirely  wanting. 
(See  fig.  38.) 

The  faces  are  as  follows: — 
p-P(ni);  c=OP  (001); 
o=-Poc  (101);  m=(x>P  (110) 
(small);  ;P  (117);  i;P(7.7.10). 
The  following  angles  are  the 
mean  of  several  readings  be- 
Fifure  3«.   Vesuvianue,  Magtut  Cwt,         tweeu   the    different    pairs   of 

faces  indicated  and  that  measurement  which  varies  the  most  is 
added. 


Faces. 

Calculatod. 

Reading.          Greatest 
variation. 

No.  of 

readingSv 

p  :  P  (111)  : 
p  :  0  (111)  : 

c  :  0  (001)  : 
c  :  \P  (001) 
c:.'.P(001) 

;(111)     60°  40' 

(101)     25   20 

(101)    28  15J 

: (117)      6   12 

:  (7.7.10)28  01 

50°  22'  13"   50°  41' 
25   10           25   34 
28  12           27  80 

6   25  (poor) 

28   40  (poor) 

7  • 

5 

5 

The  two  faces  }Pand,oP  are  extremely  narrow  and  give 
weak  reflections  which  are,  however,  single  and  probably  repre- 
sent the  faces  indicated.  The  crystal  on  which  these  faces  are 
found  lack  the  basal  plane,  but  show  a  short  prismatic  zone. 


MAGNET  COVE  ROCK  — CONTACT  MINEBALS.  337 

Id  crystal  habit  most  specimens  of  this  mineral  from  Magnet 
Cove  approach  very  closely  to  the  variety  found  in  the  Achmatow 
mine  in  the  Slatoust  District  of  the  Ural  Mountains  and  figured 
by  Kokscharow."^  Others  bear  a  strong  resemblance  to  Vesuvian- 
ite  from  the  Monzoni  Mountains  on  the  eastern  side  of  the  Fassa 
Valley  in  the  Tyrol,  which  were  figured  by  V.  von  Zephar- 
ovich.f 

The  color  of  these  crystals  varies  from  an  oily,  yellowish 
green  to  an  olive-green  and  in  rare  cases  passes  into  a  yellowish 
or  reddish  brown. 

The  hardness,  cleavage  and  other  physical  characteristics 
are  normal  and  require  no  special  description  or  enumeration 
here. 

Under  thn  microscope  in  convergent  polarized  light  a  thick 
section  cut  at  right  angles  to  the  vertical  axis  shows,  in  some 
parts  of  the  section,  a  perfect  uniaxial  interference  figure  while 
in  other  parts  of  the  same  section  a  separation  of  the  black  cross 
into  two  hyperbolas  whose  angular  distance  does  not  exceed  one 
degree  is  observed.  The  crystal  when  tested  with  a  mica 
plate  shows  the  negative  character  of  its  double  refraction. 

In  thin  sections  parallel  to  the  principal  axis  the  mineral  is 
nearly  colorless  and  weak  in  its  double  refraction.  In  one  sec- 
tion a  large  number  of  minute  colorless  prisms  are  found  scat- 
tered throughout  the  crystal  in  great  profusion.  In  some  cases 
these  are  one  millimeter  in  length  and  of  about  one  tenth  that  in 
breadth.  They  consist  of  hexagonal  prisms  truncated  on  the 
ends  by  comparatively  steep  pyramids.  They  are  transparent 
and  colorless  and  when  examined  between  crossed  nicols  have 
a  parallel  extinction.  When  tested  with  a  selenite  plate  they 
show  the  character  of  their  double  refraction  to  be  negative.  In 
a  few  cases  irregular  cracks  at  approximately  right  angles  to  the 
vertical  axis  are  observed.  These  tests  all  indicate  that  this 
included  mineral  is  apatite.  In  some  of  the  vesuvianite  none  of 
of  these  inclusions  of  apatite  appear  but  in  other  specimens  they 

*  Mat.  Min.  Rusalftods,  Band  I.,  1858,  p.  97.    Cited  after  Handbuch    der  Mlocralogie 
TOO  C.  Hintxe,  Band  II.,  1890,  p.  299. 

t  Wiener  Akad.  Band  49,  p.  94.    Cited  as  abore. 

22  Oealogiea);  Vol.  H.,  1899. 
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are  present  in  large  qoantities.  It  is  uncommon  to  find  inclu- 
sions of  any  kind  in  vesuvianite  for  Rosenbusch  *  states  that 
although  this  mineral  occasionally  surrounds  associated  substances 
as  calcite  and  pyroxene  and  contains  fluid  inclusions  still  there 
are  no  inclusions  which  are  characteristic  for  the  mineral  and  it 
ts  usually  perfectly  pure  and  homegenous. 

A  chemical  analysis  of  one  of  the  best  and  purest  of  these 
vesuvianite  crystals  gave  the  writer  the  following  results: — 

Analysis  of  vesuvianite. 

810, 36.68 

TiO, 0.72 

X(») 0.80 

AljOj 16.14 

FeA 5.66 

FeC 1.08 

CaO 36.62 

8rO Trace. 

MgD 0.96 

K,0 0.19 

N8,0 0.26 

H,0  (loss) 1.83 

Fl 0.00 

Total 99.74 

(«)  For  the  motnlog  of  X  see  p.  226. 

A  test  for  fluorine  gave  negative  results. 

The  analysis,  with  the  exception  of  a  rather  large  percentage 
of  iron,  shows  the  mineral  examined  to  be  an  exceptionally  pure 
^variety.  A  thin  section  of  the  mineral  analyzed  showed  that 
the  apatite  described  in  some  of  the  other  specimens  was  want- 
ing in  this  one. 

MoniiceUite  occurs  in  large  crystals  and  grains  which  range 
from  1  to  20mm  in  diameter.  It  is  imbedded  in  the  coarse 
Ksrystalline  calcite  in  the  form  of  crystals  and  nodular  masses 
precisely  as  the  vesuvianite  is  and  it  occurs  associated  with  the 
43ame  minerals. 

The  crystals  were  first  brought  to  the  notice  of  the  writer 
by  Wm.  J,  Kimzey  of  Magnet  Cove. 

''  MikroAk,  Physlog,  Band  I.,  p.  S21. 
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R.  N.  Braokett^  chemist  of  the  Survey^  made  a  rough  qaan- 
titative  analysis  of  the  nodular  material  and  the  writer  made  a 
number  of  measurements  on  some  of  the  larger  crystals  with  a 
contact  goniometer.  The  results  of  both  of  these  investigations 
showed  conclusively  that  the  mineral  in  question  was  monticellite. 

At  about  that  time  word  was  received  from  Dr.  E.  8.  Dana 
that  a  paper  had  been  submitted  to  him  for  publication  in  which 
monticellite  from  Magnet  Cove  was  described  and  figured.  As 
this  paper  had  the  right  of  priority  the  writer  went  no  further 
with  his  investigation  of  this  mineral^  but  was  enabled  through 
the  kindness  of  Dr.  Genth  and  Mr.  Pirsson,  the  authors  of  the 
paper  on  monticellite^  to  see  the  .advance  sheets  of  their  article  * 
and  to  make  the  following  notes. 

Pirsson,  •  who  undertook  the  crystallographic  part  of  the 
work,  observed  the  following  forms  on  the  two  crystals  which 
he  measured  :  b=ooPoc  (010);  «=ooP2  (120);  m=(x>P  (110); 
k=2Pdb  (021);  d=P(x  (101);  e=P  (111)- 

He  states  that  the  brachydome  (021)  and  the 
brachypinacoid  (010)  are  quite  largely  developed  and 
that  in  these  respects  the  mineral  from  Magnet  Cove 
differs  from  those  of  the  European  localities.  The 
dimensions  of  the  crystal  figured  (Fig.  39)  are  given 
by  Pirsson  as  follows :  height  3  ctm ;  breadth  nearly 
2  ctm  and  thickness  parallel  to  the  brachy-axis  a  lit-  pig.ssT  mor- 
tle  more  than  1  ctm.  M<untt  c't!7. 

In  the  figure  given  the  unit  prism  (110)  is  not  shown^ 
but  it  was  observe  by  Pirsson  on  the  second  crystal  meas- 
ured. 

The  axis  ratios  used  by  Pirsson  are  those  of  vom  Rath^f 
but  in  order  to  bring  this  mineral  into  accord  with  the  olivine 
group,  the  vertical  and  brachy-axes  must  be  halved. 

The  ratios  then  become  : — 

a:b:  c=0.438689  : 1 :  0.57569 

- 

«  Am.  Jour.  Sci.  Series  8,  Vol.  XL,  1891,  p.  898. 
t  Pogg.  Ann.  Erg.  Band  V.,  1871,  p.  484. 
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and  the  measured  and  calculated  angles  become : — 

Facet. 

k    010 
010 


b 

b 

8 
8 
b 


e 

8 

e 

8 

d 


130 
120 
010 
111 
110 


021 
111 
120 
111 
120 
101 
110 


Measured  angles. 

41°  11' 
70  50 
82  07 


Calculated  angles. 

40°  58J' 
70  53i 
81   52 


38  19  (88°  22')  38  19 

48  30  48  04 

19  08  (19°  08')  19  06J 

m:m    IIU  :  IIU         47  01  46  58J 

The  physical  properties  given  by  Pirsson  are  as  follows: — 

"Fracture    conchoidal    to    splintery,    brittle;    H.  =  5 

Sp.    gr.— 3.108.    Prom  colorless    to  brownish    white    and 

light  brown.      Luster  vitreous  en  the  fracture,  inclining  to 

greasy  on  the  crystal  planes.^' 

Genth  in  making  the  analysis  powdered  together  the 
mineral  and  the  calcite  in  which  it  was  imbedded  and  by  mean& 
of  a  Thoulet's  solution  separated  the  two  minerals,  fie  then 
separated  the  magnetite  by  means  of  a  magnet.  He  found 
considerable  quantities  of  phosphoric  acid  and  by  a  careful 
microscopic  examination  he  detected  minute  needles  oi 
apatite. 

The  two  analyses  which  he  made  gave  the  following  re-^ 
suits :  — 

Analyses  of  montiedliie  {Genth). 


CONSTITUENTS. 


SiOa 

Al.Oa 

FeO    

CaO„ 

MnO 

MgO 

P.O. 

Igoition 

ToUl 


99.98 


38.47 

3S.46 

0.16 

0.19 

5.09 

4.93 

85.18 

85.31 

1.11 

1.13 

20.71 

20.52 

1.98 

2.08 

2.28 

2^ 

99.91 


Genth  then  deducted  the  P2O5  and  a  suflBcient  quantity 
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of  CaO  to  form  CajF  (POJ3  (flaorapatite)  from  the  analysis 
and  recalculated  the  analyses  to  100  per  cent. 
The  resulting  figures  are  as  follows : — 

Analyses  of  monticellUe  reoalculaied  {Genth). 


coNanruENT-». 

a. 

b. 

SIOi ^ 

85.08 
0.17 
5.88 

84.16 

1.16 

•  21.71 

2.89 

85.19 

AUOs ^ 

0.20 

FeO, 

6.18 

84.25 

. 

1.19 

MgA 

21.58 

IgnltioD - 

2.41 

100  00 

100.00 

If  the  water  is  omitted  this  approaches  very  closely  to 
the  formula  (Mg,  Mn,  Fe)2  Sio^.  Cag  SiO^. 

The  presence  of  over  two  per  cent  of  water  is  peculiar 
as  the  powdered  mineral  had  been  dried  over  sulphuric  acid 
for  several  days  before  it  was  analyzed.. 

The  writer  (J.  F.  W.)  has  noticed  that  in  many  cases  the 
unit  prism  is  very  strongly  developed  as  mentioned  by 
Pirsson  and  in  some  cases  it  has  become 
fio  prominent  as  to  quite  alter  the  appear- 
ance of  the  crystal.  (Fig.  40).  The 
-crystal  from  which  the  figure  is  taken  is 
about  5cm  in  length  and  2cm  in  breadth 
•and  thickness,  being  nearly  equal  in  these 
two  dimensions.  The  faces  observed .  are 
those  mentioned  by  Pirsson  as  having 
been  noted  on  these  crystals^  with  the  ex- 
-ception  of  the  macrodorae  (101)  which  is 
absent  on  the  crystal  figured  by  the 
writer.  The  same  notation  of  faces  as  that  used  by  Pirs- 
€on  has  been  adopted. 


n 


n 


6 


Fig.  40.    Mont  ice' lite 
/rom  Magnet  Cove. 
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III.    RELATION  OF  THE  IQNE0U8  BOCXS  OF  MAGNET  COVE  TO  EACH 
OTHBB  AND  TO  THE  ADJACENT  8BDIMENTABY  ROCKS. 

The  igneoas  rocks  of  Magnet  Cove  are  divided  into 
three  genetically  distinct  groups  whose  structure  and  mode 
of  occurrence  show  that  they  were  formed  during  three  dis-^ 
tinct  periods  of  igneous  activity. 

The  oldest  of  these  consists  of  the  basic,  eleolitic,  abyssal 
rocks  which  constitute  a  large  part  of  the  interior  Cove 
basin.  The  large  masses  of  these  rocks  are  holocrystalline 
granitic  in  their  structure  and  were  cooled  slowly  and  under 
pressure.  About  the  edges  of  this  mass  aporphyritic  variety 
of  these  rocks  often  occurs  and  in  some  cases  cracks  in  the 
surrounding  rocks  are  filled  with  materials  from  this  basic 
magma  thus  forming  basic,  eleoli tic,  porphyri tic  and  lampro- 
phyric  dikes. 

The  next  period  of  igneous  activity  is  one  which  corres- 
ponds to  the  dike  forming  epoch  of  the  Saline  County  region. 
During  this  period  the  rock  in  and  about  the  Cove  which 
had  been  disturbed  and  heated  by  the  intrusion  of  the 
masses  of  abyssal  rocks  cooled  and  cracks  opened  in  all 
directions.  These  cracks  are  filled  with  moochiquitic  rock& 
of  all  varieties  which  appear  as  the  basic,  dark,  non-eleolitio 
dikes,  so  numerous  in  the  neighborhood  of  the  Cove  and  in 
fact  everywhere  throughout  that  part  of  the  state.  (See 
chap.  XIII). 

The  third  and  last  period  of  igneous  activity  is  that  in 
which  the  eleolitic  and  leucitic  rocks  of  the  "  Cove  ring  '*' 
were  formed  and  during  which  the  numerous  tinguaitic 
dikes  of  all  varieties  were  intruded.  The  rocks  of  this 
period  are  all  of  an  intrusive  character,  a  fact  which  is  shown 
both  by  their  structure  and  mode  of  occurrence. 

These  youngest  rocks  cut  both  the  abyssal  rocks  (p.  188) 
and  the  dikes  of  monchiquite  (p.  174),  and  are  therefore 
proved  to  be  younger  than  either  of  those  groups. 

All  the  igneous  rocks  are  younger  than  the  surrounding 
Paleozoic  rocks*  and  have  forced  their  way  into  them. 

*  Sm  note  b7  John  0.  Brenner  in  Proc.  A.  A.  A.  &,  Vol.  XXXVII.,  1888,  p.  18S. 
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They  were  formed  after  the  folding  and  bending  and  after 
8ome  of  the  erosion  of  the  Paleozoic  rock  had  been  accom- 
plished, probably  during  late  Cretaceona  times. 

The  rock  now  found  in  and  about  the  Cove  shows  no 
evidence  of  having  been  efiusive  in  the  sense  in  which  that 
term  is  used  in  petrography.  The  occurrence  of  the  abyssal 
rock  in  the  Cove  center  and  the  numerous  dikes  about  the 
border,  separated  from  each  other  only  by  narrow  beds  of 
sedimentary  rock  indicate  an  intrusive  and  not  an  efiusive- 
rock.  If  a  true  eruption  took  place  over  the  whole  Cove  or 
at  any  part  of  it,  it  would  be  natural  to  expect  some  indica- 
tion of  such  action  in  the  form  of  glass,  scoria,  tufa  or  ashes, 
but  nowhere  about  the  Cove  nor  even  anywhere  in  Arkansas 
where  the  detritus  from  the  Cove  is  deposited  has  any  such 
material  been  found.* 

On  the  other  hand  since  the  intrusion  of  the  igneous^ 
rocks  the  erosion  which  has  taken  place,  although  probably 
entirely  subae'rial,  has  been  very  great  and  all  such  truly 
volcanic  material  had  it  ever  existed  might  have  been  carried 
away  and  become  entirely  disintegrated  in  the  transit. 

It  is  certain  that  the  rock  which  now  appears  at  Magnet 
Cove  is  in  the  form  of  abyssal  masses  and  of  large  and  small 
dikes,  but  whether  these  dikes  are. simply  the  pipes  through 
which  the  igneous  matter  erupted  to  the  surface  or  are  in- 
trusive dikes  which  did  not  afford  eff'nsive  material,  is  » 
question  which  cannot  be  definitely  answered  from  the  data^ 
at  hand. 

The  writer  is,  however,  of  the  opinion  that  these  igueous" 
rocks  are  intruMve  in  the  restricted  sense  of  the  word  and  the- 
rocks  described  in  this  report  have  been  classified  and. 
named  in  accordance  with  this  conviction. 

*  The  ash-beds  described  in  chapter  X.  ii.  are  of  a  much  earlier  origio  And  are  later- 
bedded  with  rocks  which  were  formed  long  before  the  Intrusion  of  the  igneous  rocks  ezposecl 
in  the  state. 


CHAPTER  IX. 

Geographic  and  Petrogbaphic  Dbscbiptiok  of  the  Pot 

ASH  Sulphur  Springs  Region. 


I.  Distribution  of  Igneous  Rocks. 

II.  Petrographic  Description  of  the  Igneous  Rocks. 

A.  Eleolitic  Rocks. 

1.  Eleolite  sodalite  syenite. 

2.  Eleolite  garnet  porphyry. 

3.  Eleolite  Tingu&ite. 

a.  Border  type. 

b.  Dike  type. 

B.  Augitic  Rocks. 

III.  Contact  Rocks  and  Minerals. 

IV.  Potash  Sulphur  Water. 

V.  Relations  of  the  Igneous  R  )ok  to  each  other  and  to  tlie  Sedimentary 
Rocks. 


I.      DISTRIBUTION   OF   IGNEOUS   ROCKS. 

The  igneous  rocks  about  Potash  Sulphur  Springs  cover 
in  all  about  three-quarters  of  a  square  mile  (20  ares)  but  even 
in  this  comparatively  small  area  they  show  many  types  and 
varieties.  The  rock  is  situated  in  township  3  S.^  range  18 
W.  and  occupies  the  western  portion  of  section  17  and  the 
eastern  half  of  section  18. 

Perhaps  the  most  satisfactory  way  in  which  to  describe 
this  region  is  to  take  the  Potash  Sulphur  Springs  hotel  (3  S., 
18  W.,  Section  17,  center  of  N.  W.  quarter)  as  a  starting^ 
point  and  consider  all  the  other  localities  with  reference  to  it. 

As  will  be  seen  from  an  examination  pf  map  V.  the  hotel 
is  situated  in  a  small,  level  apace  at  the  foot  of  a  novaculite 
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ridge  and  stands  close  to  the  bank  of  the  Potash  Sulphur 
Branch  of  Sulphur  Creek.  The  novaculite  ridges  in  this 
region  all  trend  in  a  generally  southwest  direction  and  form 
the  most  striking  features  of  the  landscape.  On  the  west 
the  hills  come  somewhat  nearer  the  stream  than  on  the  east, 
bat  are  not  nearly  so  high.  The  western  hill  forms  an  ir- 
regular, broad-topped  elevation  and  is  bounded  on  its  western 
side  by  a  valley  beyond  which  rises  a  much  steeper  hill 
resembling  quite  strongly  a  novaculite  ridge.  Both  north  and 
south  of  the  hotel  the  stream  finds  its  way  between  high 
ridges  and  forms  a  very  important  agent  in  exposing  the 
rocks  along  its  course.  North  of  the  syenite  area  lies  Bald 
Mountain,  another  novaculite  ridge,  and  by  far  the  highest 
«nd  most  important  one  in  this  immediate  vicinity.  At  its 
highest  point  it  is  about  a  thousand  feet  (SOOm)  above  the 
level  of  the  Gulf  of  Mexico  and  it  forms  a  striking  feature  in 
the  landscape. 

The  greater  part  of  the  igneous  rock  lies  west  of  Potash 
Sulphur  Branch  and  forms  the  hill  or  group  of  hills  on  that  side 
of  the  stream  for  nearly  half  a  mile  (0.8km).  The  north  line  of 
^contact  between  the  sedimentary  rocks  and  the  syenite  begins  at 
the  creek  and  extends  west  across  a  southern  spur  of  Bald 
Mountain.  The  general  character  of  the  rock  is  that  of  a  coarse- 
grained eleolite  syenite  which  in  some  cases  shows  large  crystals 
of  mica.  The  contact  line  between  the  novaculite  and  the 
Igneous  rock  is  comparatively  straight^  but  there  are  places 
where  dikes  of  the  igneous  rock  extend  out  into  the  novaculite 
for  several  hundred  feet.  In  one  case  such  a  dike  appears  in 
the  form  of  large  syenite  boulders  6  feet  (1.8m)  in  diam- 
•eter.  These  dikes  are  usually  rather  fine-grained  and  have  a 
greenish  color.  They  contain  much  tegirite  and  are  somewhat 
porphyritic. 

The  west  line  of  contact  runs  nearly  southwest  from  the  west- 
«ern  extremity  of  the  northern  boundary  (3  S.,  13  W.,  sec.  18  near 
the  center  of  N.  line  of  K.  E.  quarter)  following  the  general 
trend  of  the  novaculite  ridge  and  keeping  20  to  30  feet  (6  to  9m) 
above  the  bottom  of  the  valley.     This  syenite  occurs  in   loose 
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pieces  mixed  with  the  fragments  of  novacalite  lying  on  the 
surface  and,  wherever  a  gaily  cuts  through  the  surface,  the  de- 
composed syenite  is  found  forming  the  underlying  rock  of  that 
part  of  the  hill.  In  most  cases  the  character  of  the  arboration  is 
here,  as  at  Magnet  Cove,  a  sure  indication  of  the  character  of 
the  underlying  formations.  Thus  wherever  only  hard  wood  is 
found  and  no  pine  whatever  appears  (unless  it  has  recently  been 
cat  ofi)  it  is  nearly  certain  that  an  underlying  bed  of  syenite  exists 
even  if  it  is  covered  over  with  fragments  of  novaculite.  On  the 
other  hand  the  occasional  occurrence  of  a  pine  does  not  necessa- 
rily indicate  that  sedimentary  rocks  underlie  it,  but  it  has 
usually  been  found  that  where  a  few  pines  are  scattered  among 
the  hard-wood  trees  the  hillside  consists  of  a  number  of  dike^ 
of  igneous  rock  cutting  the  sedimentary  beds. 

The  best  exposed  and  best  defined  mass  of  eleolite  syenite 
on  the  western  side  of  the  region  is  a  mass  of  coarse-grained 
eleolite  syenite  which  lies  along  the  crest  of  the  western  ridge 
already  mentioned.  This  is  cut  o£f  on  the  south  by  the  novacu- 
lites^  but  isolated  masses  of  syenite  and  of  the  border  or  dike 
variety  of  tinguaite,  occur  above  this  along  the  north  and  east 
side  of  the  novaculite  ridge  and  then  appear  again  in  the  valley 
to  the  east. 

In  the  valley  the  rock  is  for  the  greater  part  covered  up  by 
loose  detrital  material  and  soil,  but  occasionally  in  the  bottoms  of 
the  deep  ditches  cut  by  the  streams  the  rock  appears  in  the  form  of 
fresher  dike-like  masses  included  in  the  coarse«grained  and  very 
much  decomposed  eleolite  syenite.  These  masses,  as  they  ap- 
proach the  southern  border  of  the  area,  become  more  eleolitio 
and  darker  in  color  and  show  a  great  similarity  to  the  cove  type 
of  the  Magnet  Cove  rocks  (p.  208.)  These  rocks  on  decaying 
form  a  very  productive  soil  and  a  flourishing  vineyard  on  the 
top  of  the  hill  attests  its  good  quality.  In  the  soil  of  this  vine- 
yard many  flakes  of  mica  and  loose  pieces  of  garnet  occur. 

The  coarse,  eleolitic  rocks  extend  to  the  Potash  Sulphur 
Branch  and  either  cross  it,  or  form  porphyritic  bands  on  the  wes- 
tern bank  of  the  stream  where  they  come  in  contact  with  the  sedi- 
mentary rocks.    This  is  the  case  at  the  Springs  themselves,  for 
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there  the  eleolitic  lock  covers  the  top  of  the  hill^  but  just  before 
it  reaches  the  sedimentary  rocks  it  becomes  porphyitic  and  forma 
a  brown  syenite  porphyry^  or  better  a  feldspathic  tingu&ite.  Thi& 
belt  is  about  four  feet  (1.2m)  thick  and  appears  ia  the  steep  bank  ii^ 
aQ  almost  horizontal  position.  Below  it  occur  the  strongly  met^ 
aoiorphosed  sedimentary  rocks  from  which  issue  the  '^potash 
sulphur  mineral  waters.''  This  contact  rock  is  extremely  varia- 
ble in  its  composition  and  in  some  places  approaches  so  close  to 
an  igneous  rock  in  its  appearance  and  co  mposition  that  it  is. 
almost  impossible  to  detect  the  difference.  The  igneous  rocks 
which  appear  again  below  this  consist  principally  of  bands  of 
light  and  dark  rock  completely  intermingled  and  cut  here  and 
there  by  masses  and  veins  of  calcite  which  often  show  a  decidedly 
banded  structure.  The  darker  variety  of  rock  evidently  ap- 
proaches very  closely  to  the  dark  variety  of  eleolite  syenite  from 
Magnet  Cove.  >  The  lighter  bauds  consist  of  three  varieties,, 
namely,  true  eleolite  syenite  dike  rock,  such  as  is  found  cuttings 
the  darker  variety  at  Magnet  Cove;  a  light  colored,  granular 
contact  rock  containing  much  white  wollastonite  and  a  coarse- 
or  fine-grained  calcite  which  here  and  there  contains  other  min- 
erals, (See  later).  These  rocks  are  cut  at  two  points  by^ 
fourchite  dikes,  one  of  which  is  only  six  inches  (15cm)  wide  and 
runs  out  to  a  point  under  the  surface  of  the  stream  directly  west 
of  the  bowling-alley.  The  other  dike  is  about  18  inches  (46cm) 
wide  and  lies  parallel  to  the  first  and  about  three  feet  (0.91my 
south  of  it.  They  both  have  a  northwest  and  southeast 
direction. 

About  two  hundred  feet  (60m)  below  this  point  the  igneoua 
rouk  comes  down  to  the  stream  and  crosses  to  the  eastern  side 
Here  it  forms  a  mass  ef  syenite  boulders  which  are,  however, 
not  far  from  in  place.  Extending  south  from  these  for  some 
distance  the  igneous  rock  is  found  in  the  banks  and  cuts,  in  a 
very  decomposed  condition.  About  a  quarter  of  a  mile  (0.4km} 
south  of  the  hotel  the  syenite  is  found  to  extend  further  to  the^ 
east  and,  in  the  form  of  dikes  of  igneous  rock  associated  with 
bands  of  both  metamorphosed  and  unaltered  sedimentary  rocks,, 
makes  up  the  western  side  of  the  hill,  lying  east  of  the  road.    On 
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the  eastern  side  of  the  same  hill  the  shales  evidently  predomi- 
nate, bat  at  one  point  near  the  southeast  corner  of  the  hill  a  dike 
of  brown  tingaaite  similar  to  that  found  near  the  springs^  cuts 
the  shales  in  an  almost  due  east  and  west  direction.  The  dike 
is  here  about  3  feet  (0.91m)  wide.  It  appears  in  a  small  branch 
which  flows  into  Potash  Sulphur  Branch  from  the  east,  and  in 
the  bed  of  which,  with  the  exception  of  the  dike  mentioned,  nothing 
but  shales  could  be  detected.  On  passing  over  the  south 
^nd  of  the  hill  due  west  from  this  point  syenite  and  metamor- 
phosed rock  is  found  in  abundance  and  on  reaching  the  road  two 
dikes  of  eleolite  syenite,  granitic  in  structure  and  about  50  feet 
*(15.2m)  apart,  occur.  These  form  ^he  southern  limit  of  the 
igneous  rocks  and  although  they  appear  only  as  boulders  on  the 
surface  they  may  form  considerable  masses  deeper  down.  They 
are  bounded  on  both  sides  by  bands  of  green  tingu^ite.  On 
tracing  these  west  onto  the  hill  they  gradually  become  covered 
with  syenitic  soil  and  loose  fragments  of  syenite  and  shale  inter- 
mingled, showing  that  the  same  mixtures  of  shale  and  igneous 
rock  which  have  been  mentioned  occur  here.  This  kind  of 
syenitic  soil  extends  nearly  to  the  top  of  the  low  hill  about  which 
the  road  turns  in  passing  from  Potash  Sulphur  Springs  to  the 
railway  station  at  Lawrence.  From  this  hill  the  mixture  of 
syenite  dikes  and  metamorphosed  rock  extends  to  the  north 
along  the  creek  and  widens  out  towards  the  west  until  it  touches 
the  rock  already  described  as  lying  north  and  east  of  the  western 
Dovaculite  ridge. 

Returning  now  to  the  voad  where  the  dikes  of  eleolite 
syenite  cross  it,  it  is  found  that  for  some  distance  toward  the 
north  the  rock  is  principally  metamorphosed  shale  and  then,  300 
feet  (91m)  north  of  the  dikes  just  mentioned,  appear  the  de- 
-composed  remnants  of  a  30  foot  (9.1m)  dike  of  eleolite  syenite 
on  both  sides  of  which  are  very  beautifully  banded  metamor- 
phosed shales.  In  these  occur  the  beautiful  pink  and  white 
wollastonite  crystals  which  were  exposed  when  the  rock  was 
blasted  open  in  building  the  road.  North  of  this  band  of  met- 
amorphosed rock  the  syenite  appears  in  a  decomposed  condition 
«nd  seems  to  form  the  mass  of  the  hill  to  the  east. 
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II.      PETROGBAPHIC     DESCRIPTION    OF     ROCKS     FROM     POTASH 

SULPHUR  SPRINGS. 

The  odIj  petrographic  notice  of  the  rocks  of  this  region 
was  made  by  Owen*  where  he  mentions  a  "  quartz  porphyry 
amongst  which  a  calk  spar  rock  is  found''  near  Fairchild'ek 
mineral  spring. 

Many  of  the  types  already  described  from  Magnet  Cove^ 
occur  among  the  syenitic  rocks  at  or  near  Potash  Sulphur 
Springs.  Where  these  are  identical  or  nearly  so  with  the 
types  already  described  no  additional  description  of  them  is. 
given^  but  in  the  few  cases  mentioned  below  the  rocks  appear 
to  be  somewhat  different  from  any  of  the  types  already^ 
noticed  and  are  consequently  described  separately. 

A.    Eleolitic  Rocks. 
1,     Eleolite  SodalUe  Syenite, 

The  eleolite  sodalite  syenite  is  a  medium-grained  mixture* 
of  glassy  sanidine-like  feldspar  crystals,  pink  eleolite  and 
black  prisms  of  pyroxene.  It  is  quite  holocrystalline  and 
granitic  in  its  general  appearance  and  would  form  a  beautiful 
building  stone  for  interior  work. 

The  microscopic  physiography  of  only  a  few  of  the  min- 
erals which  compose  this  rock  need  to  be  taken  up  in  detail^ 
for  most  of  its  components  are  identical  with  those  described 
elsewhere. 

Feldspar  appears  as  a  glassy^  sanidine  like  variety.  It 
has  a  low  double  refraction  and  might  easily  be  mistaken  for 
eleolite  were  it  not  for  its  characteristic  cleavage-cracks.  It 
is  clear  and  transparent  and  forms  comparatively  large  alio- 
triomorphic  crystals  which  include  idiomorphic  crystals  of 
eleolite  and  of  sodalite. 

Sodalite  appears  in  small  (0.6  to  1.0mm)  idiomorphic 
crystals  which  are  generally  hexagonal  in  section.  These 
have  mostly  been  so  altered  by  weathering  that  they  show 

*  Second  Report  of  a  Geological  BeoonnolMance  of  Arkanaat,  p.  106. 
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flight  polarization  phenomena  when  observed  with  a  selenite 
plate.  These  hexagonal  sections  might  all  be  referred  to 
eleolite,  which  also  appears  as  phenocrysts  in  the  feldspar 
were  it  not  for  the  fact  that  a  qualitative  examination  of  the 
rock  showed  considerable  quantities  of  chlorine  indicating 
the  presence  of  sodalite. 

Eleolite  is  in  the  form  of  stout  prisms  which  are  always 
older  than  the  orthoclase.  They  generally  contain  many  alter- 
ation products  in  the  form  of  cancrinite,  hydronephelite  and 
^alcite. 

Pyroxene  appears  under  the  microscope  as  light  yellowish 
green  sections  of  diopside.  This  mineral  often  appears  in  the 
form  of  numberless  parallel  needles  which  have  been  formed  by 
the  decomposition  and  regeneration  of  the  original  pyroxene 
substance. 

Biotite  is  also  observed  and  occurs  in  thin  brown  plates. 

The  rock  as  a  whole  presents  a  similar  appearance  to  the 
mica  eleolite  syenite  (Cove  type)  from  Magnet  Cove,  but  is  finer 
grained  and  poorer  in  pyroxene, 

^.     Eleolite  Garnet  Porphyry. 

The  dark  gray  band  of  rock  occurring  near  the  hotel  con- 
tains numerous  black  crystals  and  forms  a  rough,  harsh  stone. 

Under  the  microscope  it  is  seen  to  be  porphyritic  in  struct- 
ure and  the  dark  crystals  are  found  to  be  perfect  brown  garnets 
(melanite)  often  as  much  as  a  millimeter  in  diameter.  These  are 
imbedded  in  a  groundmass  consisting  principally  of  plagioclase 
and  diopside  crystals.  Both  eleolite  and  diopside  appear  as 
phenocrysts. 

Eleolite  consists  of  stout  hexagonal  prisms  which  are  often 
altered  in  great  part  to  calcite  and  cancrinite. 

Melanite  forms  perfectly  sharp,  idiomorphic  crystals  which 
have  a  brown  or  yellow  color  and  show  concentric  zones  of  these 
two  colors;  the  interior  being  usually  the  lighter  and  the  outside 
rims  the  darker.     They  are  in  all  respects  perfectly  normal. 

Diopside  occurs  in  small,  lath-like  crystals  which  are  found 
only    in  the   groundmass.      They  seldom   exceed  0.07mm  in 
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length  and  are  very  slender.  They  almost  always  form  albite 
twins,  in  which  the  extinction  on  the  two  sides  of  the  twinning- 
plane  is  comparatively  small — not  often  over  12^,  so  that  the 
crystals  may  be  considered  as  belonging  to  the  labradorite  series. 
Around  these  crystals,  and  in  some  parts  of  the  section  forming 
a  very  important  factor,  is  a  transparent  substance,  which 
between  crossed  nicols  appears  white.  On  revolving  the  stage 
a  spheroidal  structure  is  observed  in  this  material.  When  a 
section  containing  this  material  is  etched  with  hydrochloric  acid 
large  cubes  of  salt  are  quickly  formed  showing  that  the  sub- 
stance contains  much  sodium.  It  is  probable  that  it  is  the  result 
of  weathering  on  some  mineral  rich  in  sodium.  The  order  of 
formation  of  the  minerals  making  up  this  rock  is  as  follows : 
Diopside,  melanite,  eleolit^,  orthoclase,  labradorite,  secondary 
minerals. 

S.    EleolUe  Tingudite. 

a.    Border  type. 

This  rock  appears  macroscopically  to  be  a  typical  tinguaite 
and  is  usually  of  a  green  or  greenish  brown  to  reddish  brown 
color.  It  forms  the  borders  of  the  larger  masses  of  eleolite 
ayenite  (p.  347)  and  also  of  the  smaller  dikes  (p.  348).  It  is 
characterized  by  the  occurrence  of  phenocrysts  of  orthoclase 
or  sanidine  imbedded  in  a  macroscopically  dense  groundmass. 

Orthoclase  {sanidine)  occurs  in  idiomorphic  crystals,  tabular 
parallel  to  the  clinopinacoid  (010),  which  are  often  20  to  80mm 
in  their  greatest  diameter.  These  crystals  are  generally  white 
and  opaque,  but  occasionally  clear  and  transparent  ones  occur. 

One  such  orthoclase  crystal  which  is  cut  nearly  parallel 
to  the  clinopinacoid  (010)  shows  the  faces  OP  (001),+Pdb 
(101),  +2Pc5o  (201),  ooP(llO),  ooPdo  (010).  The  position  of 
the  optic  axes  and  the  size  of  the  optic  axis  angle  indicate 
that  these  crystals  are  sanidine.  They  are  comparatively 
free  from  inclusions  and  where  weathering  has  occurred  it  is 
shown  by  a  kaolin ization  and  consequent  opaqueness  of  the 
crystals. 

Eleolite  appears  only  in  the  groundmass  and  is  frequently 
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very  indistinct.     It  resembles  that  described  iu  the  tingaa- 
ites  of  the  Fourche  Mountain  region  (p.  101). 

Sodalite  appears  in  small  idiomorphic  crystals  and  h 
characterized  by  its  form  and  '*  dasty"  appearance. 

.£girite  is  rare,  but  occasionally  occurs  in  large  idiomor- 
phic crystals. 

The  groundmass  consists  of  lath-shaped  orthoclase  or 
plagioclase  crystals  and  innumerable  minute,  green  crystals 
which  are  probably  segirite  (See  p.  283). 

The  ordinary  accessory  minerals  are  such  as  magnetite^ 
apatite  etc.,  and  are  usually  present  in  but  small  quanti- 
ties. 

In  the  cases  where  the  eleolite  and  the  sodalite  of  the 
groundmass  are  present  in  only  very  small  quantities  this 
rock  approaches  closely  the  segirite  tinguaite  group  and 
cases  may  occur  where  no  eleolite  nor  sodalite  whatever  ia 
present  and  the  rock  forms  a  true  segirite  tinguaite. 

b.    Dike  type. 

This  type  has  been  observed  in  but  one  locality  (p.  348) 
and  in  that  case  the  rock  forms  a  reddish  brown  dike  in 
which  are  bedded  phenocrysts  of  orthoclase. 

This  rock  was  not  examined  microscopically,  bat  it  is 
probable  that  it  is  similar  to  the  rocks  of  the  same  class 
which  occur  at  Magnet  Cove. 

B.    Augitio  Rocks. 

Among  the  augitic  rocks  there  are  some  which  difier 
slightly  in  appearance. from  the  members  of  the  monchiquite 
group  already  described  elsewhere. 

The  first  variety  of  these  occurs  in  dikes  cutting  the^ 
limestone  rocks  as  described  (p.  347)  and  appears  macro- 
Bcopically  as  a  dense  black,  rock  in  which  are  scattered^ 
here  and  there,  small,  black  crystals  which,  by  the  aid  of  a 
magnifying  glass,  are  seen  to  have  a  prismatic  habit.  Under 
the  microscope  these  are  seen  to  be  phenocrysts  of  augite  ly- 
ing in  a  groundmass  containing  smaller  augites.    These  two 
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componentSy  together  with  magnetite^  make  up  almost  the 
whole  mass  of  the  rock. 

The  au^iie  is  the  typical  form  of  basaltic  augite  and 
shows  both  a  zonal  and  an  hoar-glass  stracture,  twins  parallel 
to  the  orthopinacoid  (100)  and  an  idiomorphic  crystal  form 
as  in  the  individuals  described  under  Fourche  Mountaiu 
fourchites  (p.  107)  and  in  Chapter  XII. 

The  second  generation  augites  have  the  same  pinkisb 
yellow  color  as  the  phenocrysts  and  show  the  same  cleavage- 
cracks  and  extinction  angles.  The  younger  crystals  are- 
usually  proportionately  more  elongated  in  the  direction  of 
the  vertical  axis  than  the  phenocrysts  and  both  the  twinning 
parallel  tp  the  orthopinacoid  (100)  and  the  zonal  structure 
are  wanting. 

These  crystals  with  an  occasional^  minute,  broken  flake 
of  biotite  and  numerous  grains  of  magnetite  are  the  only 
minerals  now  visible  in  the  rock.  There  are,  however,  ir- 
regular spots  filled  with  decomposition  products  which 
appear  as  if  they  had  at  sometime  been  olivine,  but  the  indi- 
cations are  so  uncertain  that  olivine  can  hardly  be  considered 
to  have  been  identified  as  an  original  component  of  the  rock^ 

The  groundmasSf  in  so  far  as  it  has  been  observed,  is  per- 
fectly isotropic  and  shows  no  tendency  to  devitrification.  It 
is  present  in  very  small  quantities,  but  when  some  of  the 
powdered  rock  was  boiled  with  hydrocholoric  acid  and  the 
liquid  evaporated  to  dryness  on  an  object  glass  immense 
numbers  of  small  cubes  of  salt  were  observed  in  the  gelatin- 
ous silica  formed.  This  indicates  that  the  groundmass  ia 
alkaline  in  its  constitution  and  can  easily  be  decomposed  by 
acids. 

The  second  variety  of  monchiquite  which  occurs  at  Pot- 
ash Sulphur  Springs  is  interesting  both  because  it  shows  a 
decided  fluidal  structure  and  because  the  augite  crystals 
which  were  originally  small  have  almost  entirely  disappeared 
and  are  indicated  only  by  small,  reddish  brown,  hexagonat 
spots  (these  are  bounded  by  the  faces  110  and  010)  and  long^ 
monoclinic  or  rectangular  sections  which,  only  very  rarely^ 

28  Geological;  Vol.  ii.,  1890. 


354  ANNUAL  BEPORT  STATE  QEOLOGIST. 

show  any  undecomposed  material  ia  their  centers.  This 
rock  contains  much  secondary  biotite  and*  many  decompo- 
sition products. 

Still  another  variety  of  monchiquite  is  one  in  which  the 
augite  crystals  are  large  and  well  crystallized,  but  have  been 
so  acted  upon  since  their  formation  that  in  most  cases  they 
have  been  replaced  by  a  light  green,  highly  refracting  mate- 
rial, which  shows  an  extinction  in  the  same  direction  as  the 
augite,  but  whose  extinction  angle  is  much  smaller.  In  this 
case  also  large  quantities  of  secondary  biotite  may  be  ob- 
served. 

III.      CONTACT  BOOKS  AND   MINERALS. 

In  many  respects  the  contact  rocks  and  minerals  of  the 
Potash  Sulphur  Springs  region  are  similar  to  those  of  the  re- 
gions already  described,  but  in  some  ways  they  differ  consider- 
ably from  them. 

Oae  of  the  most  important  contact  bands  in  this  region  is 
that  which  crosses  the  road  leading  from  Lawrence  station  to 
Potash  Sulphur  Springs  at  a  point  about  700  yards  (640m) 
south  of  the  hotel  (p.  348).  It  is  formed  by  the  intrusion  of  a 
vertical  dike  of  eleolite  syenite  30  feet  (9.1m)  wide,  cutting  the 
shales  in  a  nearly  east  and  west  direction.  The  shale  on  both 
sides  of  this  dike  is  of  a  greenish  gray  color  and  but  little  de- 
composed while  the  igneous  dike  has  almost  disappeared. 

Kear  the  line  of  contact  the  shale  has  entirely  lost  its  shaly, 
laminated  structure  and  has  the  appearance  of  a  glassy  igneous 
rook.  It  is  cut  by  numerous  small  sheets  and  masses  of  pink 
and  white  minerals  which  present  a  strong  contrast  to  the  green- 
ish color  of  the  rock.  It  also  contains  numerous  bands  and 
masses  of  coarse-crystalline  caloite. 

Under  the  microscope  the  rock  is  seen  to  consist  of  pyroxene, 
plagioclase,  quartz  (scarce),  wollastonite,  and  apatite. 

Piagioclase  forms  a  groundmass  of  small  crystals  which  sel- 
dom exceed  a  millimeter  in  diameter  and  among  theue  are 
scattered  light  colored,  needle-shaped,  monoclinic  pyroxene 
crystals.    The  latter  are  usually  very  small,  but  are  occasionally 
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as  much  as  2inm  in  length.     Their  angle  of  extinction  is  about 
15^  and  their  pleochroism  is  slight. 

The  plagioclase  crystals  are  quite  distinct  and  form  long, 
lath-shaped  crystals  which  usually  show  twinning  lamellae  and 
also  occur  as  thick,  broad  crystals  which  do  not  show  such 
lamellse.  The  latter  variety  might  easily  be  mistaken  for  sections 
of  orthoclase,  but  it  is  probable  that  they  are  plagioclase  crystals 
cat  approximately  parallel  to  the  brachypinacoid  (010). 

Quartz  appears  only  in  a  few,  very  indistinct,  allotriomor- 
phic  individuals. 

Certain  long,  narrow,  colorless  and  semi-transparent  crystal 
sections  which  are  not  truncated  at  the  ends,  but  are  frayed  out 
and  irregular,  appear  in  the  thin  sections  of  this  rock.  They 
show  sharp  cleavage-cracks  which  make  an  angle  of  about  30^ 
with  the  direction  of  the  greatest  dimension  of  the  section.  Oue 
such  section  remained  dark  between  crossed  nicoh  during  a 
complete  revolution  of  the  stage.  In  convergent  polarized  light 
an  interference  figure  appeared  which  consisted  of  a  black  cross 
and  one  ring.  The  character  of  the  double  refraction  of  this 
crystal  is  negative. 

These  crystals  have  a  high  index  of  refraction  but  only  a 
a  mediumly  high  double  refraction.  Smaller,  needle-shaped 
crystals  reseflnbling  the  large  ones  occur  plentifully  in  the  section, 
bat  their  form  and  appearance  are  quite  unfamiliar  to  the 
writer. 

Apatite  occasionally  occurs  in  minute  needles. 
WoUastonite  occurs  in  the  body  of  the  rock  in  small,  lath- 
shaped  crystals,  but  its  most   interesting    occurrence  is  in  the 
form  of  the  pink  and  white  minerals  which  constitute  the  plates 
and  masses  already  mentioned  (p.  348). 

The  white  variety  of  wollastonite  occurs  in  slender  columns 
and  radiate  masses.  Tuese  are  made  up  of  crystals  which  are 
elongated. in  the  direction  of  the  6  axis  and  show  a  cleavage 
parallel  to  the  base  (001)  and  the  orthopinacoid  (100).  The 
cleavage-planes  possess  respectively  a  mother-of-pearl  and  a 
glassy  lustre. 

Under  the  microscope  and  in  a  polarized  light  the  slender. 
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rod-like  individaals  have  a  parallel  extinction  and  when  ob«^ 
seived  in  convergent  polarized  light  a  single  optic  axis  is  occa- 
sionally seen.  By  revolving  the  crystal  vertically  about  its 
longest  axis  b  another  single  optic  axis  is  observed  and  it  is. 
evident  that  the  plane  of  the  optic  axis  is  the  symmetry-plane 
(010). 

This  white  material  is  generally  covered  with  a  layer  of  the 
pink  scales^  described  later^  but  by  using  sufficient  care  it  can  be- 
completely  separated  from  them. 

A  chemical  analysis  of  this  mineral  was  made  by  the  Survey^ 
R.  N.  Brackett^  analyst,  with  the  result  given  in  the  following 
table.  An  analysis  of  wollastonite  from  Mt,  Vesuvius  and  the 
theoretical  composition  of  that  mineral  and  of  xonqtlite  are 
placed  beside  this  for  the  sake  of  comparison. 

Analyses  of  wollastonite  and  osonotlite. 


^. 

II. 

III. 

IV. 

V. 

CONSTIUENTS. 

Wollaatonite. 

XonotUto. 

PoUsh  Sul- 
phur Springii. 

Mt.  Vesuvius. 

Theoretical 
CaSlO, 

XoDotla 
Mexico. 

Theoretical 
4  Oa  SiOi-i-aq.. 

SiO... • 

51.98 
2.08 

42.55 
2.08 
0.44 
1.23 

51.90 

51.72  • 

49.56 

0.31 
43JS6   • 

1.79      • 

49.79 

FeO 

CftO., 

46.44 
0.96 
0.65 

48.28 

46.48 

MnO- 

MgO .*.. 

» 

H,0  (iffnition)..* 

J5.70 

3.78 

Totel 

100.26 

99.95 

100.00 

99.94 

100.00 

I»  Wollastonite  (white),  Potash  Sulphur  Springs;  analyzed  by 
R  N.  Braokett. 

II.  WoUastoDite,  Mt.  Vesuvius;  analyzed  by  Wiebage  (Mineral* 
chemie,  p.  379). 

m.    Theoretical  analysis  of  wollastoDite— CaSiO,. 

IV.  Xonotlite  (white)  from  Xonotla,  Mexico;  analyzed  by  Ram* 
melsberg  (Zeit.  d.  geol.  Ges.,  Band  XVIII.,  p.  33.  Cited  after  Mineral- 
chemie,  p.  380). 

V.  Theoretical  analysis  of  xonotlite— 4CaSI0,+aq. 

It  is  evident  from  these  analyses  that  the  mineral  in 
qaestion  is  very  near  a  wollastonite  in  its  composition  and 
that  on  account  of  the  water  which  it  contains  it  inclines 
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«omewhat  towards  xonotlite.  If,  however,  this  water  be  dis- 
regarded (since  it  is  in  a  great  part  hygroscopic),  and  the 
iron  manganese,  and  magnesia  be  considered  as  replacing 
lime  and  the  analysis  then  be  recalculated  to  100  per  cent 
the  following  result  is  obtained,  which  for  the  sake  of  com- 
parison is  placed  beside  the  theoretical  analysis  of  wollas- 
tonite. 

Analyses  of  wollastonite. 


COSSTirUENTS. 


SiOs. 

o«o., 


ToUl 


BecalcaUted 

Potash  Sulphur 

Springs. 


Theoretical 
CaSiOa 


58.10 
46.90 


51.72 
48.28 


100.00 


100.00 


From  this  comparison  it  appears  that  this  mineral  is  an 
impure  wollastonite  which  has  undergone  a  slight  decompo- 
Bition  and  has  taken  up.  some  water.  Since  it  approaches 
the  theoretical  composition  of  wollastonite  nearer  than  that 
of  any  other  mineral  and  as  it  possesses  all  its  crystallo- 
graphic  and»  optic  characteristics  it  is  considered  as  being  an 
impure  variety  of  that  mineral. 

The  pink  variety  of  wollastonite  occurs  in  thin  plates 
and  scales.  The  color  is  apple -blossom-pink  to  pale  rose 
color  and  is  characteristic  of  the  thin  scales  of  this  mineral. 
Some  of  this  thin  mineral  was  carefully  separated  from  the 
white  form  and  was  analyzed  by  the  Survey,  B.  N.  Brack- 
«tt,  analyst,  with  the  following  results : — 

Analysis  of  pink  wollastonite  (f ) 

SiO, 60.96 

FeO 1.69 

CaO 36.72 

MnO 1.40 

MgO 0.57 

K,0 0.90 

Na,0 4.41 

Hk)  (Ignition) 2.74 


Total 99.39 
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It  is  evideDt  from  this  analysis  that  a  part  of  the  lime 
(CaO)  has  been  replaced  by  soda  (Na,0)  and  that  a  slight 
weathering  and  a  consequent  increase  in  the  amount  of 
water  (HjO)  has  taken  place.  This  gives  the  mineral  an  in- 
termediate position  between  wollastonite  (normal  calcium 
silicate),  xonotlite  (hydrous  normal  calcium  silicate)  and  pec- 
tolite  (hydrous  polysilicate  of  lime  and  soda).  It  might  be- 
considered  as  a  xonotlite  in  which  one-tenth  pf  the  lime 
(CaO)  is  replaced  by  soda  (NsjO)  and  in  which  the  ratio  of 
the  normal  silicate  to  the  water  is  as  5  to  1  in  place  of  4  to 
1  as  in  xojiotlite.  In  view  of  this  fact  the  name  natroxonot- 
lite  is  suggested  for  this  yariety.  By  recalculating  this  anal- 
ysis and  grouping  the  manganese,  magnesia  and  iron  with 
the  lime  and  the  potash  with  the  soda  the  following  analy- 
sis is  obtained  and  is  placed  beside  the  theoretical  analy- 
ses of  wollastonite,  xonotlite,  pectolite  and  the  percentage- 
composition  of  natroxonotlite  corresponding  to  the  formula 
6G;Ca  +  iNa^)  SiOj+aq. 

ComparUon  of  analysis  of  natroxonotlite  with  theoretical  compost^ 
tion  and  with  wollastonitej  xonotlite  and  pectolite. 


OOKSTITUENTS. 


6102  . 
CaO... 
Ka.0 
H,0. 


TotAl 


Recalcu- 
lated natro- 
xonotlite. 

Matroio- 

notlite— 5 

(O.90a+O.l 

Nai)  BiOa 

-faq. 

61.65 

40.49 

5.08 

2.78 

49.§1 

41.96 

5.15 

2.96 

100.00 

100.00 

Wollaston- 
ite = 
Ck  SiO, 


51.72 
48.28 


Xonotlite 

=™^^*a 
SiOt+aq 


100.00 


49.79 
46.48 


3.78 


100.00 


P^ctolitc^ 
U  Na  €«., 
8I.O,  ' 


54  22 

8:t.74 

9.38 

2.71 

100.00 


It  is  evident  that  this  is  an  altered  wollastonite  in  which 
soda  and  water  have  replaced  some  lime  and  not  a  pectolite- 
in  which  only  part  of  the  soda  is  present,  for  the  natroxonot- 
lite is  evidently  a  normal  silicate  and  not  a  mixture  of  a 
bisilicate  with  a  polysilicate  as  pectolite  is  believed  to  be^ 
The  natroxonotlite  is  formed  by  a  decomposition  of  wollas- 
tonite while  pectolite  is  considered  a  distinct  mineral."^ 


^  Mlneralcbemle,  Rammeliberg,  1875,  p.  881. 
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ADOther  interesting  occurrence  of  contact  minerals  is 
that  in  the  bed  of  the  creek  directly  west  of  the  bowling-alley 
at  Potash  Sulphur  Springs.  This  contact  rock  consists  prin- 
cipally of  a  coarse-crystalline  calcite  which  penetrates  a  met- 
amorphosed shale  and  in  some  cases  presents  the  appear- 
ance of  having  a  perfect  flow  structure.  It  occurs  in  narrow 
seams  and  bands  as  well  as  in  large  masses  and  is  often  in 
direct  contact  with  the  igneous  rock.  In  other  cases  it  ap- 
pears to  pass  gradqally  into  an  igneous  rock^  but  it  is  proba- 
ble that  the  latter  is  in  such  cases  only  a  highly  metamor- 
phosed sedimentary  rock. 

This  coarse-crystalline  calcite  contains  but  few  meta- 
morphic  minerals.  Pyrrhotite  (magnetic  pyrites)  has  been 
observed  in  masses  which  occasionally  reach  a  centimeter  or 
more  in  diameter.  It  i»  characterized  by  its  magnetic  prop- 
erties^ its  bronze  color  and  ks  softness  (not  over  4).  It  is 
without  crystal  form  and  is  imbedded  in  the  calcite.  It 
readily  decomposes  and  it  is  probably  from  this  mineral  that 
the  potash  sulphur  water  obtains  its  sulphuretted  hydrogen. 

In  this  same  calcite  bed  about  30m  (100  feet)  up  the 
stream  (north)  is  a  ledge  or  bed  in  which  occur  numerous 
idiomorphic  crystals  of  orthoclase.  These  range  from  1  to 
4cm  in  diameter  and  are  thick  tabular  parallel  to  the  clino- 
pinacoid  (010).  They  are  colorless  and  translucent  to  trans- 
parent and  in  many  cases  present  a  glassy  appearance.  The 
faces  which  have  been  observed  are  as  follows  : — 

ooPdo(OlO),  ooPS(180),ooP(110),  OP  (001),  +  Poo  (101) 
and  +2Pc»  (201)  (indistinct). 

The  faces  were  much  etched  and  roughened  so  that  no  good 
reflections  could  be  obtained,  but  the  following  angles  were 
measured  by  the  writer : — 


Measured. 

Calculated.  (Dana). 

(110)  :  (110) 

61°  3G'  30"  (poor) 

61°  12' 

(110)  :  (130) 

30    13 

29    59 

(T30)  :  (010) 

29    2G 

29    25 

(ITO)  :  (010) 

59    10   30 

59    24 

(001)  :  (GIG) 

89    48        (poor) 

9G     0 

(001)  :  (GIG) 

90      1 

90      0 
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The  cleavage  parallel  to  the  base  (001)  is  very  perfect  and 
the  cleavage-plates  show  a  mother-of-pearl  lustre.  The  cleavage 
parallel  to  the  clinopinacoid  (010)  is  mach  less  distinct  and  the 
lustre  is  below  that  of  glass.  A  third  system  of  cleavaf^e-cracks 
appears  parallel  to  the  right  hand  prism  face  /=(110)  but  no 
tracks  are  visible  parallel  to  the  corresponding  left  hand  face 
r=(110). 

The  acute  bisectrix  makes  an  angle  of  5^  with  the  base 
\001)  and  lies  in  the  obtuse  angle  /9.  A  section  at  right  angles 
to  this  bisectrix  shows  the  plane  of  the  optic  axes  at  right  angles 
to  the  symmetry-plane.  The  optic  axis  angle  was  measured  in 
sodium  light  and  gave  an  angle  of  68°. 

An  analysis  of  this  mineral  was  made  partly  by  the  writer 
und  partly  by  R.  N.  Brackett,*  chemist  of  the  Survey^  with  the 
following  result : — 

Analysis  of  orthoclase  from  Potash  Sulphur  Springs. 

810, 62.82 

AIA  (t) 19.08 

CaO 2.17 

MgO trace 

K,0 8.99 

Na,0 5.92 

H,0 0.46 

CO, 1.23 

Total 100.67 

(t)  loci,  a  trace  of  Fe^Oa- 

It  is  evident  from  the  amount  of  COj  present  that  some 
calcite  is  mixed  with  the  feldspar  material  and  consequently  all 
the  COj  and  sufficient  CaO  to  form  CaCOj  (calcite)  were  de- 
ducted from  the  analysis  and  the  whole  was  again  brought  to 
100  per  cent  with  the  following  result: — 

Recalculated  analysis  of  orthoclase. 

SiOa 64.17 

AlA 19.49 

CaO 0.62 

K,0 9.19 

Na,0 6.a5 

H,0 0.48 

Total 100.00 

«  Dr.  Brackett  determined  the  alkalies. 
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REGION  — WATER   ANALYBES. 


The  orthoclase  is  rich  in  soda  and  may  be  considered  as 
made  up  of  one  molecule  of  sodium  aluminiam  silicate  combined 
with  one  molecule  of  potassium  alumiDium  silicate  for  the  Na^O 
is  to  the  KgO  in  the  exact  proportion  of  I  to  1. 

The  occurrence  of  this  potash  soda  aluminium  silicate  in  the 
jimestone  shows  that  alkalies  are  present  in  that  rock  and  it  may 
be  that  it  is  this  and  not  the  eteoiite  syenite  that  fnrnisbes  the 
alkalies  which  are  contained  in  the  potash  sulphur  water. 

IV.      POTASH   SUUHUR  WATER. 


The  water  which  has  given  the  reputation  to  the  Potash 
Sulphur  Springs  exudes  from  the  caloitic  rook  in  the  bed  of  the 
«reek  and  is  collected  in  large  drain-pipes  imbedded  vertically 
in  the  rook.  The  water  rises  in  these  pipes  and  is  dipped  out 
from  the  top  as  it  U  required.  The  strength  of  the  water  is  said 
to  vary  with  the  quantity  that  flows  from  the  spring.  If  the 
pipe  be  emptied  and  allowed  to  fill  again  the  water  is  much  more 
liit-hly  charged  with  sulphuretted  hydrogen  than  it  ia  if  it  re- 
anains  some  t  me   d  the  pipe 


nap  4hoieinff  teeaiien  <^  Ihr 
If  Potiuh  Sulphur  SpHngi,  drtaiuiu. 
Ikitlei  7Sfiicl-llDch. 


Two  complete  analyses  have  been  made  of  the  water,  bat  as 
they  were  not  taken  from  the  same  spring  but  little  agreement 
«an  be  expected  in  the  analyses.     (Bee  &g,  42.) 
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The  analyses  are  as  follows: — 

Analyses  of  water  from  Potash  Sulphur  Springs, 


GANNAWA 

Y 

• 

CLARKE 

CONSTITUENTS 

FOUND 

FOUKD 

Grams  to 

the 
•     Liter 

Grains 

to  the 

U.  S.  Gallon 

Per  cent  of 

total 

Solids 

Grams  to 

the 

Uter 

Grains 

to  the 

U.S.  Gallon 

Percent  o£ 

toUl 

Solids 

SlOi 

0.03270 
0.88868 
0.10926 
0.05288 

Traoe 
0.00264 

Trace 

Trace 
0.00686 

Trace 
0.00688 
0.29440 

1.9069 
22.6506 
6.8700 
3.0585 
Trace 
0.1541 
Trace 
Trace 
0.1958 
Trace 
0.8979 
17.1683 

8.67 
43.65 

12.28 

588 
Trace 

0.80 
Trace 
Trace 

0.88 
Trace 

0.77 
33.07 

0.0276 
0.2027 
0.1458  (t) 
0.(405 
None 

1.6085 
11.8194 
8.5016 
2.8615 
None 

4.13 

so* 

CO.  

30.48 
21.8& 

CI 

6  Oft 

HaS- 

NODA 

tk9     ••••••■•■••■■•••••••M* 

Al 

Mn„ 

0.0020  (<<) 

0.1166(*) 

o.aoc**) 

Mg 

K 

0.0032 
None 
0.0227 
0.2216 

0.1865 

None 

1.3586 

12.9214 

0.48 

None 

S.41 

Na 

88.28 

ToUl  aoUds 

0.89011 
0.04401 

31.8921 
2.5660 

100.00 

0.6600 

38.8840 

100.00 

IIYPOTHBTICAL  OOMBINATIOK 

IIYPOTB 

0.0433 
0.0328 

XnCAL  OOM E 

2.5248 
1.9125 

tI5ATION 

KOI 

6  47 

NaCl 

NaaS 

0.08643 

Trace 

0.01520 

0.56258 

0.17981 

Trace 

0.00840 

0.00547 

Trace 

Trace 

0.08271 

5.0886 
Trace 
0.8868 
32.7979 
10.4585 
Trace 
0.4896 
0.3198 
Trace 
Tracfi 
1.9068 

9.72 
Trace 

1.71 

63.20 

20.14 

Trace 

0.94 

0.62 
Trace 
Trace 

3  67 

4.89 

K,SO* 

Na^SO^ 

0.2988 
0.2572 

17.4280 
14.9973 

44.62 

Na.OO, 

38.42 

MgCO. 

CaOOa 

0.008« 

0.4664 

1.19 

FeC03  M.  •••■..••• 

MnCOj^ 

AUOa 

0.0020 
0.0275 

0.1166 
1.6085 

0^ 

SiO 

4.12 

ToUI  SoUdi.... 

0.89010 
0.04401 

51.8921 
2.5660 

100.00 

0.6706 

39.0441 

100.00 

{*)  Al  is  here  calculated  as  AUOa    (f)  CO*  bj  difference. 
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The  first  analysis  was  made  for  the  Geological  Sarvey  of 
Arkansas  in  1887  by  C.  B.  Gannaway  who  collected  the  water 
in  October  of  that  year. 

The  second  analysis  was  made  for  the  U.  S.  Geological 
Survey  during  the  fiscal  year  1886  to  1887  by  F.  W.  Clarke^ 
chief  chemist. 

Gannaway  obtained  the  water  for  his  analyses  from  the 
spring  (No.  3,  6g.  42)  on  the  west  side  of  the  creek  while  the 
water  which  Clarke  analysed  was  taken  from  the  "  original  Pot* 
ash  Sulphur  Spring ''  (No.  1,  fig.  42)  on  the  east  side  of  the 
creek  about  25  feet  (7.6m)  east  of  the  former. 

The  constituents  given  as  carbonates  in  the  analysis 
made  by  Gannaway  were  calculated  by  him  as  bicarbonatee^ 
but  they  have  been  recalculated  as  carbonates  in  order  to 
make  the  analysis  comparable  with  that  of  Clarke. 

The  temperature  of  the  water  in  the  spring,  as  deter- 
mined by  Gannaway,  was  64®  F,  (17.7°C.)  A  faint  odor  of 
sulphuretted  hydrogen  has  observed. 

The  analysis  made  by  F.  W.  Clarke,  U.  S.  Geol.  Survey, 
was  first  published  in  a  bulletin  "^  of  the  U.  S.  Geological 
Survey.  In  this  analysis  no  attempt  was  made  to  determine 
the  HjS,  for  such  determinations  must  be  made  at  the 
spring.  Clarke  states  that  the  amount  of  water  which  he 
had  at  his  disposal  was  too  small  for  a  complete  analysis. 

,  B.  N.  Brackett,  chemist  of  the  Geological  Survey  of  Ar^ 
kansas,  determined  the  amount  of  sulphuretted  hydrogen 
(HjS)  in  the  water  from  the  original  Potash  Sulphur  Spring 
(No.  1),  as  follows : — 

Amount  of  K^S  in  Potash  Sulphur  Springs  (No.  1)  water^ 
Nov.  13,  1890. 

Grams  in  a  liter 0.00157 

Grains  in  a  U.  8.  gallon 0.0890 

Cubic  centimeters  in  a  liter 1.2 

Cubic  inches  in  a  U.  S.  gallon 0.3 

The  temperature  of  the  water  was  W  C  (61°  F). 

On  account  of  the  variation  in  the  amounts  of  potassium 

^  Bulletin  of  the  Geological  Survey,  No.  56.    Beport  of  work  done  in  the  diviBion  oi 
Chemistry  and  Physics  mainly  during  the  fiscal  year  1886->87,  Washington,  1889,  p.  91. 
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and  sodium  found  by  Gannaway  and  Clarke,  which  is  proba- 
bly due  to  the  fact  that  the  water  came  from  the  different 
springs,  Brackett  redetermined  them  in  water  from  the 
^'original  spring**  (No.l)  with  the  following  resalts: — 

Potassium  and  sodium  in  Potash  Sulphur  Water. 


CONSTITUENTS 

• 

Ormms  in 
ft  liter 

Ondoi  ia  a 
U.  8.  gmllon 

Ka 

0.06024 
0.28482 

8.6122 
18.6806 

ToUl 

0.29468 

17.1780 

These  determinations  were  made  with  250cc  (2.1136 
^ills)  of  water. 

These  values  agree  much  better  with  those  of  Clarke 
than  with  those  of  Gannaway,  a  result  to  be  expected  since 
"Clarke  and  Brackett  both  analyzed  water  from  the  ''original 
spring." 

On  account  of  the  want  of  similarity  in  the  amount  of  ''total 
solids'*  found  by  Clark  and  Gannaway  in  the  springs  analyzed 
by  them  these  were  redetermined  at  two  different  times  by  R* 
N.  Brackett  and  the  amount  of  solid  material  in  still  a  third 
spring  (No.  2,  fig.  42)  south  of  the  "original  spring''  was  also 
determined  twice.  The  result  of  all  of  these  determinations 
are  as  follows : — 

Solid  matter  in  Potash  Sulphur  Springs. 


ANALYST. 

Data. 

Spring  No.  1. 

Spring  No.  2. 

Spring  No.  3. 

Grama  to 
Utar. 

Oraini  to 
U.  S.  Gal. 

Grams  to 
Litar. 

Grains  to 
U.  S.  Gal. 

Grams  to 
litor. 

Grains  to 
U.  H.  Gal. 

•F.  W.  Olarke...... 

1887 
Oct.,  1887 
Jal7  11,1891 
Aug.  8, 1891 

0.6706 

89.0441 

0.89011 

0.6868 

0.4281 

CB.  GaoDaway... 
R.  N.  BrackettC^ 
R.  N.  BnuskAlt  (f) 

51.8921 

1.1822 
0.8186 

66.0069 
47.4160 

0.8522 
0.8582 

49.6801 
00.0299 

81.0209 
24.6661 

(*) Water  oollactwl  hj  J.  H.  Means.  Jaly  11, 1881. 

(t)Water  collected  bj  C.  E.  Siebenthal  at  8  p.  m.,  Aag.  8, 1881,  after  a  week  of  hearj  rain. 
Spring  No.  8  had  been  cleaned  oat  during  the  miming  of  the  same  daj  on  which  the  sample 
taken. 
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It  is  evident  from  these  few  determioatioDs  that  these 
springs  vary  extremely  in  strength  from  time  to  time  and  it 
would  require  a  large  number  of  observations  under  all  condi- 
tions of  weather  and  temperature  to  determine  exactly  what  the- 
causes  of  the  variation  are.  The  heavy  rains  before  Aug.  8, 
1891  appear  to  have  perceptibly  weakened  springs  Nos.  1  and  3^ 
but  do  not  seem  to  have  affected  No.  2  at  all. 

The  most  that  can  be  said  for  the  analyses  given  above  is, 
therefore,  that  they  represent  the  amount  and  composition  of  the- 
solid  matter  in  the  particular  springs  from  which  the  water  was. 
taken  and  at  the  time  that  it  was  collected. 

v.      RELATION  OF  THE  IGNEOUS   ROCKS  TO  EACH  OTHER  AKD  Ta 

THE  SEDIMENTARY  ROCKS. 

The  relation  of  the  igneous  rock  of  the  Potash  Sulphur 
Springs  region  to  each  other  are  comparatively  simple.  The 
oldest  rocks  are  the  coarse-grained,  granitic  eleolite  syenites.^ 
These  occur  in  the  form  of  large,  ^intrusive  masses  and  also  as 
comparatively  narrow  dikes. 

Both  the  larger  masses  and  the  dikes  of  eleolite  sodalite 
syenite  are  bordered  by  tingniitic  bands  of  greenish  or  brownisb 
rock  which  are  distinctly  porphyritic  in  appearance.  It  would 
be  natural  to  expect  an  eleolite  porphyry  as  the  border  type  of 
this  basic  eleolite  sodalite  syenite,  but  instead  of  it  an  eleolite^ 
tinguaite,  very  poor  in  eleolite  appears  as  a  border  rock.  Dikes 
of  a  similar  eleolite  tinguaite  occur  in  the  sedimentary  rocks  and 
are  probably  contemporaneous  with  the  larger  syenite  masses. 

It  is  probable  that  after  the  intrusion  of  the  eleolite  rocka 
hot  springs  formed  and  deposited  the  calcite  which  oflen  appears 
in  cracks  and  fissures  in  the  igneous  rock  itself.  The  apparent 
fluidal  structure  in  the  calcite  in  many  of  thie  cracks  which  are 
filled  with  it  and  its  arrangement  in  bands  parallel  to  the  sides 
of  other  cracks  indicate  that  the  calcite  was  deposited  after 
the  intrusion  of  the  syenite. 

Both  the  igneous  rock  and  the  altered  sedimentary  rocks  are 
cut  by  dikes  of  monchiquite  and  it  is  therefore  evident  that  the 
latter  were  forced  into  cracks  in  the  older  rocks.  It  may  be 
that  the  metamorphism  which  has  converted  the  calcite  into  a 
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coarse-crystalline  mass  and  which  has  produced  the  feldspar  and 
other  metamorphic  minerals  which  it  contains,  is  due  to  the 
intrusion  of  these  monchiquite  dikes. 

No  indications  of  igneous  activity  later  than  that  of  the  in- 
trusion of  the  monchiquite  dikes  have  been  observed  and  it  is 
probable  that  no  younger  rocks  exist  in  this  region. 

The  relation  of  the  igneous  to  the  sedimentary  rocks  has 
been  broached  in  the  description  of  the  metamorphosed  rocks 
(p.  348).  It  is  probable  that  the  bending  and  folding  and 
much  of  the  erosion  of  the  Paleo;Eoic  rocks  was  completed  before 
the  igneous  rocks  were  intruded.  Much  erosion  has  taken 
place  in  this  region  since  the  igneous  rocks  were  intruded  and. 
it  has  attacked  both  the  sedimentary  and  igneous  rocks. 

The  age,  occurrence  and  subsequent  history  of  these  rocks 
are  open  the  same  arguments  and  consideration  that  applied  to 
those  of  Magnet  Cove  (p.  343)  for  it  is  almost  certain  that  the 
igneous  rocks  of  this  region  are  genetically  identical  with  those 
of  that  region. 


CHAPTER  X. 

Qyenitic  Dikes  and  Rocks  lying  outside  op  the  Areas 

already  described. 


I.  ^girite  Tioguaite  Dikes. 

A.  Hot  Springs  Dikes. 

B.  HomiDy  Hill  Dike. 

II.  Ash-beds  and  Detrital  Material  of  Igneous  Origin. 

A.  Batesville  Ash-bed. 

B.  Polk  County  Ash-bed. 


I.      ^GIRITE   TINGUAITB   DIKES. 

These  isolated  syenitic  dikes  vary  much  both  in  size  and 
Btructure^  but  they  all  appear  to  consist  of  the  same  minerals 
and  to  have  been  formed  from  similar  magmas. 

A.    Hot  Springs  Dikes. 

Looaiion, — The  most  important  of  these  both  in  point  of 
€126  and  on  account  of  the  possible  bearing  that  it  may  have 
upon  the  origin  of  the  famous  Hot  Springs  of  Arkansas  is 
the  one  shown  on  map  Y.  as  beginning  at  Hot  Springs'*' 
Creek  about  a  mile  below  the  city  of  Hot  Springs  and  run- 
ning in  a  nearly  easterly  direction  for  over  half  a  mile  and 
then  disappearing.  On  the  eastern  side  of  the  Middle  Fork 
of  Galphaf  Creek  about  a  mile  and  a  half  from  the  end  of 
the  dike  just  mentioned,  a  similar  dike  of  rock  is  foand 

<>  Hot  Spring  Greek  appears  to  hare  be«a  the  oame  origi Dally  giYen  to  it,  although  it  is 
ttow  known  as  Hot  Sprioga  Greek. 

t  Also  spelled  Galpher,  Gulfer,  Qulfa  and  Oolla. 
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which  trends  in  the  same  general  direction  and  woald,  it 
produced,  fall  almost  in  line  with  the  former.  It  is  probable 
that  the  two  dikes  were  made  by  the  filling  up  of  the  op- 
posite ends  of  the  same  crack,  but  whether  a  portion  con- 
necting the  two  now  detached  sections  ever  existed  is  a 
matter  of  conjecture.  It  seems  probable  that  if  it  did  it 
would  now  show  in  the  bed  of  the  West  Fork  of  Gulpha 
Creek,  but  neither  the  writer  nor  Mr.  A.  B.  Aldrich,^  a 
practical  quarryman  and  contractor  of  Hot  Springs,  was  able 
to  discover  any  trace  of  it  in  the  creek. 

Occurrence. — The  rock  of  these  dikes  as  far  down  as  they 
have  been  opened  appears  only  in  the  form  of  huge  boulders 
which  become  larger  and  more  solid  the  lower  the  openings  are 
cut.  So  far  as  is  known^  no  perfectly  solid  rock  has  been  found 
in  any  of  the  openings  along  the  higher  parts  of  the  dike, 
but  where  the  dike  cuts  the  bed  of  the  Middle  Fork  of 
Gulpha  Creek  it  appears  quite  solid  and  compact.  It  is 
probable  that  the  creek  which  has  cut  away  the  sedimentary 
rock  to  a  point  far  below  the  level  reached  in  the  lowest  pits 
on  the  hill  has  at  the  same  time  cut  the  dike  down  to  a 
point  which  the  weathering  has  not  reached. 

Previous  noddies. — Tl^e  only  literature  notices  of  this  rock 
consist  of  several  newspaper  articles' written  about  the  six  or 
eight  openings  made  in  the  dike  by  Mr.  Aldrich  and  an 
indication  of  their  location  on  a  map  entitled  ''Map  showing 
health  and  pleasure  resorts  of  the  Ozark  Mountains  in  and 
around  Hot  Springs,  Ark.,  by  H.  M.  Woolman,  C.  E. '' 

Macroscopic  characteristics. — The  rock  of  the  dikes  pre- 
sent a  bluish  or  greenish  gray  color  and  is  variable  in  struct- 
ure. In  some  parts  it^s  macroscopically  coarse-grained  and 
trachytic  in  its  appearance  while  in  other  places  it  is  fine- 
grained and  porphyritic  in  structure  showing  here  and  there 
large  phenocrysts  of  feldspar.  Like  all  the  other  grayish 
crystalline   rocks  it  is  commonly   known  by  the  name  of 

*The  Survey  Ib  muoh  indebted  to  Mr.  Aldricb  for  mtDj  Taluable  saggeitions  rc^ard^ 
Ing  these  syenite  dikes  u  well  as  for  his  kindness  in  sccompanjing  the  writer  in  trsciag  th«» 
ont  and  In  searching  for  new  ones. 
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granite  although  it  in  troth  possesses  very  little  likeness  to 
a  typical  granite.  It  has  been  extensively  used  in  Hot 
Springs  for  curbing,  paving  and  foundation  material. 

Microscopic  charaoteriatios. — This  rock  is  seen  to  be  a 
porphyritie  mixture  of  glassy  feldspar  (sanidine)  and  pyrox- 
ene, with  a  few  small  crystals  of  magnetite  and  titanite. 

Feldspar  (sanidine)  occurs  in  two  generations.  The 
crystals  of  the  older  generation  form  large  phenocryst^ 
(1.5  to  2.0cm)  in  a  fine-grained  groundmass  of  feldspar  and 
pyroxene.  These  crystals  are  tabular  parallel  to  the  clino- 
pinacoid  (010)  and  are  about  five  times  as  long  as  they  are 
wide.  They  are  glassy  and  present  externally  in  every  re- 
spect the  appearance  of  sanidine.  They  are  comparatively 
free  from  gaseous  or  solid  inclusions. 

The  angle  of  extinction,  orientation  etc.,  is  as  usual  in 
sanidine.  The  plane  of  the  optic  axes  usually  lies  parallel  to 
the  symmetry-plane  (010)  but  in  a  few  cases  it  has  been  ob- 
served at  right  angles  to  this.  In  neither  case  does  the  optic 
axis  angle  exceed  15°.  The  crystals  are  therefore  sanidine 
and  not  orthoclase. 

The  feldspar  of  the  younger  generation  consists  of  aF- 
lotriomorphic  crystals  which  with  the  pyroxene  form  the 
groundmass  in  which  the  crystals  of  the  first  generation  are< 
imbedded.  The  feldspar  of  the  groundmass  is  usually  fresh, 
and  transparent  and  like  the  phenocrysts  belong  to  the^ 
variety  sanidine.  It  some  cases  it  has  been  somewhat  de- 
composed and  shows  kaolinization  and  the  formation  of 
calcite. 

The  pyroxene  consists  principally  of  slender,  light  green 
prismatic  crystals  which  are  somewhat  pleochroitic  and  have 
a  small  angle  of  extinction.  These  are  cegirite.  Besides  these^ 
thicker,  larger  crystals  of  pyroxene  occur  which  are  of  a 
lighter  green  color  and  often  show  a  tinge  of  violet.  The 
pleochroism  in  these  is  hardly  detectable.  The  angle  of  ex- 
tinction is  in  the  neighborhood  of  40°«    These  crystals  are 

24  Geological;  Vol.  ii.,  1890. 
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probably  either  diopside  or  some  variety  of  pyroxene  closely 
allied  to  it. 

Amphibole  and  biotite  have  not  been  observed. 

EteolUe  or  nephdine  has  not  been  observed. 

Magnetite,  tUanite  and  apcUUe  occar  in  small  idiomorphic 
crystals,  bat  are  generally  quite  scarce. 

A  chemical  analysis  of  this  rock  was  made  by  the  Sur- 
vey, W.  A.  Noyes,  analyst,  and  the  results  of  the  analysis  (i) 
are  given  in  the  following  table  and  are  compared  with  those 
of  an  analysis  (ii)  of  sBgirintinguait  from  Norway. 

Analyses  of  cegirite  iingudite. 


1. 

.11 

CONSTITUENTS. 

uEglrite  tlnguaite, 
Arkansas. 

1 

.^girlntiaguait, 
Norway. 

TiO, 

54.07 
0.15 

21.67 
3.55 

56.53 

Al.Of 

19.»9 

re.Oa  .- 

3.18 

FeO 

0.56 

MnO 

•••••••*••*  •• • 

0.47 

CaO „ 

MgO 

0.3G 
0.86 
4.76 
8.91 
5.44 

1.10 
0.13 

K2O. 

5.43 

Na,0 

10.72 

TffnltioB ,. 

1.77 

Total 

99.27 

.  99.83 

I.  iEgirite  tingu&ite  dike  1  mile  (1.6km)  south  of  Hot  Springs, 
Arkansas ;  analysis  by  W.  A.  Noyes. ' 

n.  iEglrintlnguiit,  Asbjornsrod,  Hedrum,  Norway;  analysis 
by  G.  PaiJkuU  (Byenltpegmatitgange,  p.  41). 

The  analysis  of  the  rock  from  Arkansas  shows  by  the 
high  percentage  of  soda  (Na^O)  that  an  eleolitic  rock  might 
have  resulted  had  the  conditions  under  which  it  was  intruded 
been  right  for  such  a  formation.  It  is  probable  that  the 
feldspar  is  rich  in  soda  (Na20)  and  as  the  segirite  contains 


from  8  to  12  per  cent  of  this  enbstance  the  comparatively 
liiffh  percentage  of  eoda  (Na^O)  in  the  aoalysis  is  easily  ac- 
counted for. 

The  rock  might  be  called  an  egirite  syenite  dike  rock  or 
an  tegirite  tingaaite  and  either  came  woald  express  some 
qaality  of  the  rock  which  the  other  does  not  bring  out,  but 
the  name  fegirite  tingaaite  has  been  adopted  to  designate  the 
rock  of  this  dike. 

It  should  be  stated  that  the  rock  of  this  dike  is  not 
uniform  thronghout  its  whole  width,  bat  is  mnch  more 
porphyritic  or  tinguAitic  near  the  contact  with  the  sediment- 
ary rock  than  it  is  in  the  center.  Where  the  rock  comes  in 
direct  contact  with  the  shale,  as  it  is  seen  to  do  in  the  old 
quany  on  the  east  side  of  Hot  Springs  Creek,  the  igneous 
rock  becomes  a  fine-grained  tingutlite  and  the  sedimentary 
rock  resembles  it  so  closely  that  even  under  the  microscope 
it  iaa  difficult  matter  to  determine  which  is  of  igneous  and 
which  of  sedimentary  origin. 

The  contact  between  the  two  rocks  can  in  most  cases  be 
'determined  from  the  fact  that  the  two  rooks  separate  easily 
from  each  other  along  that  plane  while  in  other  directions 
they  are  tough  and  hard  to  break, 

Thetiuguilite  dike  contains  numerous  inclusions  of  the 
sedimentary  rock  which  have  been  so  highly  metamorphosed 
that  they  have  entirely  lost  their  sedimentary  character  and 
resemble  fine-grained  igneous  rocks. 

Several  other  dikes  and  masses  of  somewhat  similar  rock 
occur  in  the  neighborhood,  as  for  example,  in  3  S.,  18  W., 
see.  6,  8.  E.  corner  (map  V.  dike  31),  3  8.,  18  W.,  sec.  23, 
W.  half  (map  I  dike  47)  and  3  S.,  18  W.,  sees.  25  and  26 
(map  I  dike  48).  In  most  cases  these  rocks  are  more  typically 
tinguaitic  than  that  just  described  and  as  they  approach 
Magnet  Cove  they  become  identical  with  those  already 
described  from  that  region  (p.  201). 

B.    Sominy  Sill  Dike. 

At  Hominy  Hill,  General  Garland's  place,  1  N.,  14  W., 
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section  21,  (see  map  I.,  dike  6)  the  State  Geologist  fouoct 
a  dike  of  syenitic  rock  whose  existence  was  indicated  only 
by  loose  boalders.  These  appeared  to  cover  a  width  of  about 
250-325  feet  (75  to  100m)  and  extend  in  an  east  and  west 
direction  for  several  hundred  yards.  The  dike  is  situated 
825  feet  (lOOm)  north  of  Gen.  Garland's  house  and  crosses 
the  Litte  Hock  and  Hominy  Hill  road  850  feet  (250m)< 
northeast  of  the  house;  it  is  surrounded  by  siliceous  shales  o£ 
Lower  Silurian  age  which  strike  about  N.  45^  E.  and  contain 
the  quartz  veins  which  are  so  commonly  found  in  these- 
rocks.  • 

The  rock  from  Hominy  Hill  presents  a  very  similar  micro* 
scopic  appearance  to  the  syenitic  dike  rock  from  near.  Hot 
Springs  and  is  like  that  to  be  considered  as  a  form  of  tin'guaite.. 
It  has  a  somewhat  more  decided  green  tinge  in  the  gray  t^olor 
and  is  more  uniformly  fine-grained  in  structure.  Numerous- 
small  crystals  of  feldspar  are  visible  which  seldom  if  ever  exceed 
2.5mm  in  length. 

Under  the  microscope  the  rock  is  seen  to  be  a  fine-grained 
mixture  of  orthoclase,  plagioclase  and  pyroxene^  which  latter  is. 
in  many  cases  replaced  by  its  decomposition  products. 

Orthoclaae  is  in  long  narrow  crystals  which  are  usually  very 
much  decomposed. 

Plagtodaae  is  also  present,  but  to  a  subordinate  degree  only.. 

Pyroxene  has  been  to  a  great  extent  decomposed,  bat  the^ 
fragments  which  remain  are  of  a  pinkish  color  and  indicate  that 
it  was  originally  titaniferous.  It  is  probable  that  it  is  diapside 
and  that  the  segirite  which  may  have  formally  existed  in  the  rock 
has  all  been  destroyed. 

The  rock  has  decomposed  in  such  a  way  that  long,  colorless- 
needles  of  high  refractive  power  and  a  small  angle  of  extinction, 
have  formed  in  it.  Although  no  cleavage  could  be  observed* 
except  that  parallel  to  the  vertical  axis  of  the  crystal,  the  small 
extinction  angle — not  over  5^ — ^and  other  considerations  mak^  it 
probable  that  the  mineral  is  some  colorless  form  of  amphibole. 

A  great  part  of  the  jock  is  occupied  by  a  green  chloriiio- 
^ubeUmee  which  gives  the  greenish  color  to  the  rock.    Under 
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the  miorosoope  it  appears  of  the  same  li^ht  green  color  and  be- 
tween crossed  nicols  it  is  almost  isotropic.  By  revolving  the 
stage  a  slight  variation  between  black  and  dark  bluish  gnj  is 
observed.  By  means  of  a  nelenite  plate  this  slight  differentiation 
is  increased  quite  perceptibly. 

Ctdeite  and  other  deoomposition  products  are  very  common, 
«nd  on  the  whole  the  rock  is  so  badly  decomposed  that  little  or 
ootbing  can  be  made  out  of  it,  except  that  in  a  general  way  it 
■belongs  to  the  syenite  (tingn^ite)  group. 

A  dike  which  is  probably  similar  to  tbe  one  just  described 
'\»  m'entioned  by  Owen  *  in  the  following  words : — 

"On  Lindsay's  branch  of  the  south  fork  of  the  Saline,  near 
■Mrs.  Eicbardson's,  granite  was  found  in  loose  fragments."  The 
writer  has  been  unable  to  find  this  locality  but  it  is  probable 
that  there  would  be  but  little  additional  information  to  be  gain- 
'«d  on  the  subject,  for  Owen  appears  to  have  made  a  diligent 
^search  for  tbe  rock  in  place. 

Other  dikes  of  a  somewhat  similar  character  are  described 
in  tbe  general  table  in  chapter  XIII. 

II.      A8H-BBDS   ADD   DETRIAL  HATEBITAL  OF  lOKEOUB  OBIQlH.f 

In  several  parts  of  tbe  state  beds  of  igneous  material  occur 
interbedded  with  the  Paleozoic  rocks. 

A.  BatesYiIIe  Asb-bed. 
One  of  the  most  important  and  conspicuous  of  these  beds 
■occurs  in  the  Batesville  manganese  region]:  and  is  best  exposed 
«t  the  Meeker  place,  township  14  N.,  range  7  W.,  section  8,  in 
the  south  half.  It  was  first  observed  by  Dr.  Penrose  and  its 
description  taken  directly  from  his  report  is  as  follows  : — "The 
-contact  bed  is  seen  in  place  and  varies  from  6  to  15  inches  in 
(hicknesii,  is  a  compact,  bluish-green,  earthy  rock.  It  contains 
small  Hilioeous  nodules,  an  eighth  of  an  inch  to  one  inch  in  diam- 

'  ^eoaai  Repori  of  k  Umlri«lcil  BdMDDoiiunM  ol  Arkuus,  IW),  p.  IW. 

t  rhuM  deposJii  (re  not  rcpnMBtcdon  Itae  inapi  beciuso  ihsj  b»e  doI  M  jet  t>MB 
^ri<»d  out  la  dfllailt  utd  t«  Indicate  tb«faw  p1m«i  when  thfaj  brnvd  b«tD  obaerTod  irouldbs 
man  miileidlnf  tbin  to  omil  tbeoi  iltogsthsr. 

1  For  furthar  detilla  concaralng  Ihli  nglon  IH  Ib<  dvcrlptloD  bf  R.  A,  F.  Panrow, 
■Jr.,  ia  lbs  Auduil  Biporl  ol  lbs  Oeotoglcil  Bantj  ot  Arlaniu  lor  IBM,  Vol.  I.,  p.  138. 
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eter,  bdcI  small  crystala  of  iron  pyritee.  White  specks,  a  six~ 
t«entb  of  an  inch  and  smaller  are  scattered  through  it.  Tb^ 
material  is  slightly  calcareous  and  weathers  into  a  browD  or  bufi- 
colored  mass,  miioh  softer  than  the  original  rook.  Its  relations- 
to  the  overlying  and  underlying  formations  are  shown  in  the- 
accompanying  secUon.  The  residual  clay  in  the  section  is  the 
product  of  decomposition,  in  situ,  of  the  St.  Clair  limestone. 


v^^^.C: 


m 


St.  Oldt  Umciloiw. 


I  "ruA-tal"  ieluwtlha  SI.  Clair limum^ 
and  Ike  SoomteSerlUllttirKier  place  MarSaUtrOt,  Ark     Salt:  1  Inch— 29  IhL 

"Dr.  J.  E.  Wolff,  of  Harvard  University,  has  very  kindly 
examioed  under  the  microscope  a  slide  made  from  a  sample  of 
this  material  collected  by  the  Survey  and  has  found  evidence 
pointing  to  the  possibility  of  its  being  composed  partly  of  vol- 
canic ash,  though,  as  be  suggests,  further  laboratory  work  will  be- 
required  to  determine  the  matter  definitely.  He  describes  the 
section  as  composed  of  rather  angular,  small,  clastic  grains  of 
quartz  and  of  fragments  of  trinclinic  feldspar,  often  much  bent 
and  rounded,  and  sometimes  angular;  together  with  deep  brown^ 
homogeneous  grains  which  are  partially  transparent,  but  com- 
pletely isotropic  in  polarized  light.  The  latter  show  no  signa 
of  cleavage  or  crystal  structure,  and  look  like  possible  fragmenta 
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of  a  ferruginous  basaltic  glass.     The  clastic  grains  are  separated 
by  thin  films  of  ^  green  chloritic  substance. 

''Lack  of  time  has  not  jet  permitted  a  further  investigation 
of  this  subject,  but  should  this  deposit,  representing  as  it  does 
ihe  parting  between  the  Silurian  and  Carboniferous  terranes, 
prove  to  be  an  ash  bed,  it  will  throw  additional  light  on  the 
series  of  phenomena  which  took  place  in  the  interval  between 
those  ages.  That  the  deposit  is  not  of  this  nature  everywhere 
in  the  region  is  shown  by  the  fact  that  in  many  places,  even  in 
the  neighborhood  of  the  Meeker  locality,  it  consists  of  what 
seems  to  be  a  common  sedimentary  sandstone  though  in  some 
places  the  grains  composing  it  show  a  very  remarkable  globular 
form. 

''Dr.  J.  C.  Branner,  State  Geologist,  had  already  suggested, 
from  his  examination  in  the  field  previous  to  the  discovery  of  the 
above  mentioned  locality,  that  the  parting  between  the  Silurian 
and  Carboniferous  in  northern  Arkansas  might  contain  eruptive 
debris,    *    ♦    *^ 

The  writer  has  never  visited  the  locality  described  above, 
but  the  thin  section  which  was  studied  by  Dr.  Wolff  is  in  his 
hands  and  he  can  add  nothing  to  the  latter's  description  of  the 
rock.  No  opportunity  for  studying  the  rock  chemically  or  for 
making  separations  by  means  of  heavy  liquids  has  presented 
itself  and  until  such  an  investigation  has  been  made  no  addi- 
tional light  can  be  thrown  upon  the  origin  or  character  of  ihe 
deposit. 

B.    Polk  County  Asb-bed. 

•  In  southwestern  Arkansas  between  the  Indian  Territory 
border  and  the  upper  waters  of  the  Little  Missouri  river  a  series 
of  outcrops  of  rock  containing  much  detrital  igneous  material 
occurs.  These  beds  were  first  observed  and  noted  by  Mr.  J. 
Perrin  Smith  of  the  Survey  and  were  afterwards  examined  by 
Dr.  B.  A.  F.  Penrose,  Jr.  The  writer  has  never  seen  the  rocks 
in  place  and  has  studied  them  only  in  hand  specimens  and  thin 
sections.  Smith  reports  them  in  township  5  S.,  range  32  W., 
Section  1,  southeast   quarter  of  northwest   quarter,  as  forming  a 
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low  ridge,  dipping  steeply  to  the  north  and  striking  due  east  and 
west.  They  are  interbedded  with  sandstones  and  shales  follow- 
ing these  in  all  their  folds.  Weathering  has  been  very  active 
with  these  beds  and  in  most  cases  the  rock  appears  only  in  the 
form  of  bonlders  from  which  little  or  nothing  could  be  learned 
<3oncerning  its  mode  of  occurrence.  Penrose  thinks  that  in 
«ome  cases  the  beds  may  be  as  much  as  twenty  or  thirty  feet 
{6.1  to  9.1  meters)  in  thickness. 
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I.   DISTRIBUTION. 

In  Pike  county  there  occurs  a  small  area  of  basic  igne- 
ous rock'^  which  has  been  so  thoroughly  studied  and 
described  f  ^7  the  State  Geologist  and  Dr.  R.  N.  Brack- 
ett,  chemist  of  the  Survey,  that  little  has  been  left 
for  the  writer  to  do,  beyond  copying  the  greater 
part  of  their  work  directly  with  such  additions  and  changes 
as  are  necessary  to  make  their  article  correspond  with  the 
other  portions  of  this  report  and  to  bring  it  up  to  the 
present  date. 

Previous  notices — The  first  mention  of  this  region  was 
made  in  a  vague  way  by  W.  Byrd  PowellJ  in  1842,  who  con- 
nected it  genetically  with  the  Fourche  Mountain,  Saline 
County,  and  Magnet  Cove  igneous  areas. 

*  This  is  shown  on  map  VI. 

t  The  peridotite  of  Pike  County,  Arkansas;  hj  John  C.  Branner  and  R.  N.  Brackeit 
Am.  Jonr.  8ci.,  Series  3,  Vol.  XXXVIII.,  1889,  p.  50.    With  map  which  is  reproduced  as  map 
VI.  of  this  report. 

X  A  Geological  Report  upen  the  Fourche  Gore,  etc,  by  W.  Byrd  Powell,  M.  D.,  1842, 
p.  6,  foot  note. 
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It  was  then  referred  to  by  C.  U.  Shepard*  in  1846,  and 
a  hand  specimen  of  the  rock  which  was  sent  to  him  by  the 
Rev.  E.  R.  Beadle  was  described  in  the  following  words : — 

"From  the  same  region  (viz:  Little  Missoori,  Pik& 
County)  section  27,  8  8.,  25  W.  A  trachytic  porphyry.  It 
has  the  dry,  harsh  feel,  and  emits  the  pecaliar  odor  (when 
moistened)  of  the  European  trachytes.  It  is  said  by  Mr. 
Beadle  to  be  as  recent  as  the  Tertiary." 

It  was  next  mentioned  by  D.  D.  Owen  in  his  *^  Second 
Geological  Report'^f  but  was  not  studied  by  him  in  detail,  and 
the  rock  is  simply  spoken  of  by  him  as  a  "porphyritic  green- 
stone" and  a  ^'  trachytic  rock. "  Since  Owen's  time  until  the 
inauguration  of  the  present  survey  of  the  state  no  one  seema 
to  have  made  any  observations  upon  it.  Some  of  the  geologic 
maps  of  the  United  States,  that  have,  from  time  to  time, 
been  published  indicate  in  this  place  a  large  Archean  area. 

In  1889  Dr.  J.  C.  Bran ner,  State  Geologist  and  Dr.  R.  N. 
Brackett,  chemist  of  the  Survey,  published  the  paper  entitled 
"The  Peridotite  of  Fike  County,  Arkansas,''  referred  to  above 
and  in  it  Dr.  Branner  describes  the  occurrence  and  distriba- 
tion  of  the  rock  as  follows: — 

Occurrence — '^  Two  and  one  half  miles  southeast  of  Mur- 
freesboro,  in  Pike  County,  Arkansas,  is  a  small  exposure  of 
peridotite  whose  position  and  topographic  features  are  show  a 
in  detail  upon  the  accompanying  map.}  The  entire  exposure  ia 
about  2400  feet  long  by  1600  feet  wide,  and  lies  upon  the 
middle  of  the  line  between  sections  21  and  28  of  township  8 
south,  range  25  west. 

"  From  a  geological  standpoint  this  exposure  is  ati  im- 
portant one,  for,  small  as  it  is,  it  ofiers  a  suggestion  regard- 
ing the  time  and  character  of  the  disturbing  influences, 
which,  about  the  close  of  the  Cretaceous,  sank  the  greater 
part  of  Arkansas  as  well  as  the  large  Tertiary- covered  por- 
tions of  the  neighboring  states  beneath  the  ocean. 

Diatribulion  and  general  chara^ristica  of  the  rock. — "With 

*  Am.  Jour.  Sci.  Series  2,  Vol.  II.,  1846,  p.  258,  foot  note. 

t  Second  Report  of  a  Geological  Reeonnoiasance  of  Arkansas  by  D.  D.  Owen,  1880,  p.  3i. 

X  This  it  map  VI  of  ibis  report. 
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the  accompanyiag  map  and  aectioD  before  the  reader,  it  will  not 
be  necesBBrf  to  give  a  detailed  desoriptioD  of  the  locality.  The 
rock  presents  do  grest  variety  in  lithologie  characters,  and  ihe- 
specimens  examined  microscopically  by  Dr.  Braokett,  and 
described  by  him  in  the  second  part  of  this  paper  fairly 
represent  them,  except  that  in  many  places  through  the  general 
mass  it  contains  a  good  many  angular  and  sub-angnlar  inclusions- 
of  crystalline  rock,  which  are  especially  noticeable  wherever  the 
rock  is  deeply  decomposed,  and  that  one  small  dike  coming  up. 
through  the  Mesozoic  beds  contains  a  vast  quantity  of  fragments, 
of  Paleozoic  sandstone  and  shale  and  of  a  sofl  sandstone  and 
quartz  pebbles  from  the  Mesozoic.  Only  in  the  three  hill» 
shown  upon  the  map,  and  one  very  small  dike  is  the  rook  found 
solid,  disintegration  having  gone  so  far  in  the  lower  grounds 
that  it  there  occurs  only  in  the  form  of  a  soft  earthy  wacke^ 
which  washes  very  rapidly  into  deep  gullies.  This  earth  where 
freshest  and  unmixed  with  organic  matter,  presents  many  beau- 
tiful shades  of  green,  brown,  red,  and  gray  colors.  At  one- 
point  a  dike  is  uncovered  in  one  of  these  galHes.  This  dike  is- 
abont  six  feet  wide,  runs  east-west,  and  in  place  of  the  olive- 
green  color  80  characteristic  of  the  general  mass,  it  is  of  a  beau- 
tiful bright  blue  color.  It  is  so  deeply  decomposed  that  no 
solid  specitneos  could  be  had  from  it.  On  the  summit  and  sidea 
of  the  central  hill  the  rock  mass  is  broken  into  large  bloc  ks,. 
which,  by  concentric  disintegration  and  exfoliation,  are  left  in 
the  form  of  boulders  of  varions  sizes. 

"If  the  overlying  Post-tertiary  and  Quaternary  debris  could 
be  removed  in  the  immediate  vicinity  of  this  exposure,  it  is. 
probable  that  the  area  of  igneous  rocks,  as  shown  upon  the  ac 
companying  map,  would  be  somewhat  enlarged,  at  least  by 
disclosing  dikes  radiating  from  the  central  mass.  There  is  no- 
reason  for  supposing  however,  that  that  the  Post-tertiary- 
obscnres  any  great  area  of  peridotite.  There  are  no  exposures  of 
it  in  Prairie  creek,  except  a  single  small  dike  not  more  than 
ten  inches  wide  and  about  fifty  feet  long,  while  a  deep  gnlley 
on  the  north  side  of  the  outburst  (Poor  House  branch  on  the- 
map),  shows  no  exposures.    East  of  the  exposure  at  the  house 
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of  Mr.  McBrayer  (shown  upon  the  aocompaDying  map),  a  well 
recentlj  dug  to  a  depth  of  162  feet  penetrated  only  the  clay, 
oobblestones  and  soft  calcareous  beds,  such  as  characterize  the 
Post- tertiary  and  lower  Cretaceous  in  this  region. 

The  following  is  the  section  of  Mr.  McBrayer's  well : — 

1(K  Clays Quaternary  and  recent. 

1(K  Cobbles  and  pebbles.  .Post-tertiary. 

142'  Soft  arenaceous  clays  "j 

and   calcareous  beds  >  Lower  Cretaceous  ('^Trinity" 
variously  colored.       j      of  Hill). 

''These  £icts  appear  to  indicate  that  the  outburst  was  con- 

"fiued  to  this  very   circumscribed  area,  there  being  no  eastward 

extension  of  it  at  the  depth   reached  in  McBrayer's   well — 162 

feet    below    the  level  of  his   house — ^and   bot    one    westward 

exposure  uncovered  at  the  mouth  of  Prairie  creek.^ 


» 


II.      PETBOGBAPHIC  AND  CHEMICAL  CHABACTEBISTIOS. 

Brackett  describes  the  petrographic  characteristics  of  the 
rock  as  follows : — 

'^The  specimen  of  eruptive  rock  from  the  middle  hill  shown 
in  the  map,  consists  in  the  main,  of  a  dark  colored  somewhat 
green,  heavy  rock  having  a  porphyritic  structure,  and  specific 
gravity  of  2.728  to  2.651.  Examined  microscopically  it  is  seen 
to  be  made  up  of  black  grains,  some  slightly  yellow  and  having 
glistening  surfaces,  imbedded  in  a  dark  green  to  brownish-green 
^roundmass.  The  material  from  the  base  of  the  northeastern 
hill,  is  a  brown,  much  decomposed  rock,  with  a  more  distinctly 
porphyritic  structure  due  to  the  decomposition  of  the  black  to 
yellow  grains,  and  of  the  groundmass  to  a  decided  brown, 
against  which  the  yellow  grains  stand  out  sharply.  The  specific 
gravity  of  this  rock  is  2.317.  Through  it  extends  a  vein  of 
white  barite  about  four  inches  in  thickness. 

"In  contact  with  the  barite  vein  are  veins  of  serpentine 
formed  by  the  decomposition  of  the  rock.  In  immediate  contact 
with  the  barite  the  serpentine  vein  is  white,  but  shades  through 
a  light  green  into  the  brown  rook. 

''A  microscopic  study  of  thin  sections  prepared  from  speci- 
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mens  from  the  first  exposure  mentioned,  reveals  a  rock  of  true 
porphyritic  structure,  consisting  of  crystals  and  grains  of  more 
or  less  decomposed,  colorless  olivine  and  some  irregular  patches, 
of  a  yellow  to  brownish-yellow  mica  imbedded  in  a  quite  uni- 
form, fine-grained  gronndmass  made  up  of  colorless  little  lath- 
shaped  crystals,  yellow  grains,  black  grains  and  a  yellowish  base.. 
^^The  olivine  crystals  and   grains  are   decomposed  in  the- 
usual  well  known  way,  being  cracked  and  changed  to  serpentine- 
along  the  cracks.     Few  or  none  of  the  olivines  are  entirely  un- 
changed, though  there  are  many  fresh  cores  and  almost  entire 
grains  and  crystals  remaining.     Where  no   olivine  is  left   the^ 
outlines  of  the  former  olivine  crystals  are  often  well  preserved. 
In  such  cases  the  olivines  are  entirely  changed  to  serpentine,  of 
both  yellow    and    light  green    color  and    to   carbonates,  and 
hydroxide  of  iron,  to  which  last  the  reddish  stain  of  many  is 
due.    Many  of  the  decomposed  olivines  contain  also  "trichites,'^ 
slender,   black,  hairlike    bodies  which    occur    singly    and    in 
bunches.    These  ''trichites"  are  probably  magnetite. 

^^The  yellow  mica  is  grown  through  with  little  colorless, 
lath-shaped  crystals  like  those  in  the  ground  mass.  It  has  a  weak 
pleochroism;  0=orange  or  faintly  reddish.  -E=yellow.*  In. 
some  cases  the  patches  of  mica  are  of  a  darker  color  and  have  a 
stronger  pleochroism;  0=brown;  £=light  brown,  almost  yellow. 
<^The  colorless  lath-shaped  crystals  that  make  up  a  large 
portion  of  the  groundmass  and  penetrate  the  patches  of  mica,, 
have  an  extinction  angle  as  high  as  45°,  and  many  of  them  give 
lively  polarization  colors.  From  their  association,  appearance,, 
optical  behavior  and  close  resemblance  to  similar  crystals  found 
in  the  groundmass  of  the  Syracuse  serpentine  (to  be  referred  to 
later),  they  are  probably  augite.  They  were  so  considered  hj 
Dr.  6.  H.  Williams  who  has  kindly  examined  a  section  of  this 
rock. 

'^The  yellow  grains  are  scattered  all  through  the  ground- 
mass,  and  are  next  in  importance  to  the  augites,  and  like  them 
are  an  original  constituent  of  the  rock.     They  are  highly  refract- 

«  Detormined  by  Dr.  O.  H.  Williams,  Johiu  Hopkins  Unirenity.  To  Dr.  WilliAms 
thanks  are  also  due  for  kindness  In  examining  a  section  of  this  rock,  and  for  a  specimen  of  lh» 
^jracnse  serpentine. 
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ing,  and  stand  out  well  in  the  slide.    In  color  they  range  from 
tK>Iorle88  through  yellow  to  yellowitth-brown«    In  form^   some 
appear  as  irregular  grains,  others  are  diamond-shaped  or  square. 
They  occur  singly  or  grown  together  in  groups.     Very  many 
have  crystalline  planes  and  few  or    none  of  them   are    quite 
isotropic.    They  resemble  very  closely  the  yellow  grains  describ- 
ed  by    G.    H.   Williams  ^    as    occurring    in    the    serpentine 
{peridotite)  from  Syracuse^  New  'York,  which  he  found  by  actual 
reparation  and  analysis  to  be  perofskite.     J.  8.  Diller  f  descri* 
bed  yellow  grains  in  the  peridotite  from  Elliott  county,  Ken- 
tucky, which  they  resemble,  perhaps,  more  closely  than  they  do 
those  described  by  G.  H.  Williams.    Diller  at  first  took  these 
to  be  anatase,  but  a  subsequent  separation  and  analysis  showed 
them  to  be  perofskite  also.    An  unsuccessful  attempt  was  made 
by  the  writer  to  separate  the  yellow  grains  by  the  method  of 
Stelzner  X  as  recommended  by  G.  H.  Williams  in  his  paper  on 
Syracuse  serpentine.     But  the  identity  in  appearance  of  the  yel- 
low grains  in  the  Pike  county  rock  with  those  in  the  Kentucky 
peridotite  which  Diller  found  to  be  perofskite  after  this  attempt- 
ed separation  was  made,  coupled  with  the  fact  that  by  Gooch's 
method  §  0.89  per  cent  of  TiO,  was  found  in  the  rock,  made  it 
so  probable  that  the  mineral  was   perofskite,  that  no   farther 
attempt  at  separation   was  made.     The  presence  of  perofskite 
here  is  interesting  as  being  the  third  instance  of  its  occurrence 
:as  a  constituent  of  any  American  rock,  the   first  instance  befng 
that  reported  by  G.  H.  Williams  in  the  Syracuse  serpentine,  the 
second  that  by  J.  8.  Diller,  in  the  peridotite  from  Elliot  county, 
Kentucky.    It  is  also  interesting  as  occurring  in  the  same  type 
of  rock  as  will  be  mentioned  later. 

*^  The  black  grains  scattered  in  not  inconsiderable  quantity 
through  the  groundmass,  are  believed  to  be  magnetite.  The 
yellow  base  *  looks  as  though  it  had  been  a  glass  once  and  some 
of  it  is  still  isotropic,  though  most  of  it  polari2es.'||  A  consid- 
erable amount  of  it  is  still  isotropic  and  was  found  in  other  see- 

«  Am.  Jour.  Sol.  Series  S,  Vol.  XXXIV.,  1887  pp.  140-142. 
t  Bulletin  of  U.  S.  Geological  Survey,  No.  88, 1886,  p.  18. 
X  N.  Jiibrb.  f.  Mineral.  Bellage.  Bd.  IL,  p.  892. 
g  American  Chemical  Juumal,  Vol.  VII.,  p.  283. 
I  Dr.  G.  H.  Williams'  description  of  this  specimen. 
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tioDS.  From  its  miueral  composition  and  structure,  then  this 
rock  belongs  to  the  family  of  peridotites,  and  to  the  new  type  of 
picrite  porphyry  or  'kimberlite'  of  H.  Carvill  Lewis."* 

A  complete  chemical  analysis  made  by  the  Survey,  R.  N. 
Brackett,  analyst,  gave  the  following  composition: — 

Analysis  of  peridoiiie, 

8i0, - 58.78 

TiO, 0.89 

AlA 6.86 

Fe^O, 8.83 

FeO. 1.99 

CaO 3.88 

MgO 26.34 

K,0 2.56 

Na,0 0.78 

CO, 0.14 

Loss  on  ignition  7.86 

H,0  at  100°  C 1.96 

Total 100.84 

Brackett  then  adds  the  following  description  of  the  brown 
rock  exposed  near  the  picrite  porphyry: — 

^^  The  brown  rock,  of  which  there  is  an  exposure  not  far 
from  the  picrite  porphyry  just  described,  shows  in  thin  sections 
a  similar  prophyritic  structure.  But  here  all  the  olivines  are 
changed  to  serpentine,  carbonates  and  hydroxide  of  iron.  The 
outlines  of  the  olivine  and  the  structure  of  the  rock  are  gen- 
erally well  preserved,  although  no  fresh  olivine  remains.  A  great 
many  patches  of  mica,  partially  grown  through  with  colorless, 
little  augite  crystals  arc  present,  and  perofskite  is  abundant.  The 
mDst  striking  characteristic  of  the  rock  is  the  almost  total 
absence  of  augite  in  the  groundmass.  This  absence  of  augite  is 
rendered  still  more  striking  by  the  fact  that  in  the  Sfracuse  peri- 
dotite,  which  is  no  more  decomposed  than  this  rock,  the  augites 
in  the  groundmass  are  apparently  as  fresh  as  when  they  were 
first  formed.  The  explanation  of  this  probably  lies  in  the  fact 
that  the  patches  of  yellow  base,  some  of  which  is  quite  isotropic, 

^  Roteobuscb,  Mlk.  Ays.,  Vol. II.,  1887,  p.  519. 
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are  mnoh  more  abundant  here  than  in  the  other  rocks  described^ 
and,  perhaps,  the  aagites  did  not  have  a  chance  to  oryetallize 
out,  being  deposited  as  a  glass.  There  seems  to  be  no  doubt 
from  its  general  appearance  that  this  is  a  portion  of  the  same 
originat  rock  mass  as  that  before  described,  and  probably  so  sit- 
uated with  reference  to  it  at  the  time  of  formation,  that  the  now 
brown  rook  crystallised  more  rapidly  than  the  other  portion  of 
the  eruptive  mass,  represented  by  the  rock  at  the  first  exposure 
described. 

"-The  dike  of  blue  earthy  material,  already  mentioned  has 
yellow  grains  scattered  through  it.  The  nature  of  the  original 
rook,  which  this  blue  decomposed  dike  represents,  cannot  be 
definitely  determined.  A  thio  slice  shows  a  few  fragments  of 
brown  mica,  and  sections  composed  entirely  of  serpentine,  occur- 
ing  for  the  most  part  in  irregular  veins,  but  occasionally  show- 
ing the  form  of  olivine,  imbedded  in  a  green  to  bluish-green 
groundmass,  which  appears  to  be  partly  serpentine  and  partly 
chlorite.  The  porphyritic  grains  are  composed  of  white,  yellow 
and  greenish  yellow  serpentine.  The  arrangement  of  the  serpen* 
tine  and  the  olivine  forms  still  preserved  indicate  that  all  the  por- 
phyritic, serpentinized  sections  were  originally  olivine.  It  is 
quite  probable  that  the  rock  consisted  once  of  olivine  with  a 
small  quantity  of  biotite  imbedded  in  a  groundmass  made  up 
largely  of  glassy  base  cOnsistiog  chiefly  of  olivine  substance 
which  has  weathered  to  serpentine  and  chlorite." 

III.      COMPAEISOH  WITH  OTHER  PERIDOTITBS. 

The  peridotite  from  Pike  county  differs  somewhat  from  the 
other  American  occurrences  as  is  shown  by  both  its  min- 
eralogic  and  chemical  composition.  On  this  point  Brackett 
makes  the  following  remarks : — 

"  Unlike  the  Kentucky  peridotite  it  contains  no  enstatite,  its 
pyrozenic  constituent  being  augite.  It  contains  uo  ilmenite,  and 
in  only  one  section  was  any  garnet  found,  a  single,  small,  pink 
piece,  quite  isotropic.  The  perofskite,  especially,  occurs  in  great 
abnndance  io  the  Pike  conoty  rock  and  here  is  uadoubtedlr 
original,  while  in  the  Kentucky  rock  it  is  believed  to  be  secund- 
ary,  arising  from  the  decomposition  of  the  ilmenite,  and  the 
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quantity  is  comparatively  small.  Finally  the  Eentacky  perido- 
tite  contains  mnch  more  fresh  olivine  than  that  from  Pike  connty^ 
and  pyrope  which  is  abundant  in  the  former  is  rare  in  the  latter. 
The  Syracuse  serpentine  or  peridotite^  on  the  other  hand  is  much 
less  fresh  than  the  Pike  county  rock,  and  while  it  contains 
augite  in  the  groundmass,  the  augites  are  much  less  abundant^ 
as  are  also  the  perofskites.  This  rock  is  in  some  respects  a  new 
type.  There  is  total  absence  of  a  rhombic  pyroxene,  which  occurs> 
as  such  in  Diller^s  rock,  and  is  probably  represented  by  decom- 
position products  in  the  Syracuse  serpentine.^' 

Rhombic  pyroxene  is  also  characteristic  of  the  picrite  of  the 
'^  Courtlandt  Series  '\*  This  rock  is  described  as  ^^  of  a  dark 
green  color  and  of  an  even  grain  of  medium  coarseness/' 
Macroscopically  hornblende  is  prominent,  but  under  the  micro* 
scope  pyroxene  is  found  to  be  the  more  abundant  constituent. 
The  other  minerals  composing  the  rock  are  olivine  and  magnetite. 
Pyroxene  is  represented  by  colorless  diallage  and  by  hyperstheue. 
The  olivine  is  often  quite  fresh. 

The  chemical  analysis  of  this  rock  given  below  also  shows  it 
to  be  difierent  from  Pike  county  rock. 

In  order  to  compare  the  chemical  composition  of  the  Ptke^ 
county  rock  with  that  of  the  other  occurrences  the  analysis  giveui 
above  is  placed  side  by  side  with  those  of  the  other  rocks  as^ 
follows : — 

Analyses  of  peridotiie. 


CONSTirUENTtf. 


SIOj.. 

TiO... 

AljOj 

F«tOs 

FeO.». 


I. 

11. 

III. 

IV. 

Pike  Co. 
Ark. 

(Serpentine) 
Sy«„se. 

ElUott  Co. 

Elliott  Go. 
K7. 

88.78 
0.89 
6.85 
8.83 
1.99 

40.67 

29^1 
2.20 
2.01 
6.16 
4.85 

29.43 
1.48 
2.86 

5.18 

8.12 

9.06 

(Picrite) 

Peekekill, 

N.  Y. 


47,41 


.«••••..**•■«.•••.« 


6.39 
7.06^ 
4.80 


*  The  Peridutite  of  the  "Ooartlandt  Series'*  on  the  Hadaon  River,  near  Peekskil  1 
N.  Y.,  by  Geo.  H.  WilUanw.    Am.  Jour,  Sci.,  Series  8,  Vol.  XXXI.,  1886,  p.  86. 

26  Geological;  Vol.  ii.,  1890. 
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CaO- 

MgO 

KaO 

NajO 

COa 

H.O<toU]) 

P.O. « 

•Cr.O, 

UnO 

mo 

S.  (in  sulphides) 
SO, 


Total 

Specific  gravity. 


8.88 
26.34 
2.66 
0.78 
0.14 
*9.80 


100.84 


82.61 


12.77 


99.80 


7.69 

6.94 

14.82 

82.41 

81.66 

15.84 

0^ 

0.66 

1.40 

0.11 

0.78 

(dif.)0.69 

6.66 

5.65 
10.90 

8.92 

2.10 

0.85 

Trace 
0.14 

0.43 

0.28 

0.05 

0.06 

•■•••••••••■•••••a 

None 

0.20 

0.49 

0.28 

0.80 

•  •  •  ••  ••••  ••  >«>«■  — 

100  J6 

100.15 

100.00 

2.781 

2.697 

8.20 

I.  Peridotlte  of  Pike  County,  Ark.  Analyzed  by  Brackett  and 
Smith. 

II.  Serpentine  from  Syracuse,  N.  Y.*  Analyzed  by  T.  Sterry 
Hunt. 

III.  Peridotitet  from  Elliott  oounty,  Kentucky.  Analyzed  by 
T.  M.  Chatard.    (Bulletin  U.  S.  Geological  Survey,  No.  38, 1889,  p.  18). 

IV.  Peridotitet  from  Elliott  county,  Kentucky.  Analysed  by 
A.  M.  Peter  and  J.  H.  Kastle.    (Ibid.  p.  18). 

V.  Peridotlte  t  near  Peekakill,  N.  Y.  (South  side  of  Montrose 
Point)  by  W.  H.  Emerson  (Am.  Jour.  Sci.,  Series  3,  Vol.  XXXI.,  1886, 
p.  40). 

IV.      RELATIONS   OF   THB    IGNEOUS  TO   THE    ADJACENT    SEDIMENT- 
ARY  ROOKS. 

In  regard  to  the  genetic  relations  of  these  rocks  to  the 
sedimentary  rocks  of  the  region  Dr.  Branner  makes  the  following 
statements  : — *^  Besides  this  peridotite,  the  rocks  Exposed  in  this 
part  of  Arkansas  are  of  Paleozoic,  Lower  Cretaceous  (^'  Trinity  " 
of  Hill),  Post-tertiary  and  Quarternary  ages.  The  Paleozoic 
rocks  form  the  high  lands  of  the  hillj  and   moantainoas  region 

«  Am.  Jour.  Sci.,  Series  2,  Vol.  XXVI.,  1808,  p.  287. 

Thia  rock  which  Dr.  Hunt  obtained  from  Profenor  Jamee  Hall,  of  Albaoy,  cootaioed 
M.V  per  cent  of  carbonate  of  lime,  2.7S  per  cent  of  carbonate  of  magneaia  and  6S.5  per  oent  of 
terpentine,  and  it  was  thia  latter  oonatiiuent  that  was  analysed. 

t  These  are  the  rocks  described  bj  Diller.    (I.  c.  p.  26). 

tThis  is  the  picrite  described  by  O.  H.  Williams  (1.  c  p.  26). 
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t)f  the  state  lying  north  of  the  Neozoic  exposures.  They  are 
made  ap  of  alternations  of  sandstones  and  shales,  and  are  highly 
flexed^  the  axes  of  the  folds  varying  bat  little  from  due  east  and 
west.  Just  north  of  Murfreesboro,  and  four  miles  from  the 
-exposure  of  peridotite^  these  sandstones  and  shales  have  a  high 
«outh  dip,  at  many  places  standing  almost  or  quite  vertical. 
These  south  dips  continue  for  many  miles  to  the  north,  a  section 
measured  across  the  beds  farther  east  showing  an  aggregate 
vertical  thickness  of  strata  of  at  least  four  miles.  Against  and 
vpon  the  eroded,  upturned  edges  of  these  Carboniferous  rocks 
the  lower  Cretaceous  beds  have  been  deposited.  The  rocks  of 
the  Cretaceous  are  soft  sandstones,  shales,  lignites,  clays,  etc.,  all 
beautifully  variegated,  the  predominating  colors  being  straw, 
lead,  pink,  and  terra  cotta,  and  the  beds  exhibit  a  low  and  almost 
imperceptible  dip  to  the  east  and  southeast.* 

"The  Little  Missouri  River  and  its  predecessor,  flowing 
along  the  original  inland  margin  of  the  Cretaceous,  have  here 
-cut  out  a  valley  five  miles  wide,  its  right  and  southern  wall 
being  a  line  of  nearly  vertical  Cretaceous  cliffs,  which  are  the 
attacked  northern  edges  of  these  beds ;  the  left  or  northern  border 


Fig.  44.    Seetimi  through  the  Pike  County  PeridotUe  and  the  adjacent  Formations. 
I.    River  Bill.  IV.    Lower  CretaoeousC  Trinity  "of  Hill). 

II.    Yellow  loam.  V.    Paleosoio  (lower  CarboDlferouB?) 

III.    Post-tertiRfjr.  X.    Poridotite. 

is  formed  by  the  Paleozoic  highlands,  while  the  bottom  of  the 
valley  is  in  lower  Cretaceous  beds  covered  by  Post-tertiary 
debris  and  by  Quarternary  and  recent  sediments.     It  is  in  this 

■^Throngh  the  kiDdnesaol  the  Director  of  the  U.  8.  Oeologlcal  csurvej.  Pro!  B.  T.  Hill 
spent  the  past  year  in  studying  the  Mesosoic  geology  of  Arkansas.  His  report  forms  Vol.  II.  o  f 
the  annual  report  of  the  Geological  Survey  of  Arkansas  for  1888.  In  this  report  Prof.  Hill 
shows  that  the  Mesosoio  rocks  in  the  Tioinity  of  this  exposure  belong  to  what  he  calls  the 
Trinity,  which  he  thinks  is  equivalent  of  the  Wealden  of  Europe. 
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plane  that  the  exposure  of  peridotite  occurs.  The  aocompaojing^ 
section  fig.  44  shows  the  relations  ot  the  intruded  rocks  to  those 
of  sedimentary  origin. 

^'  (The  relations  shown  in  this  section,  with  the  exception  of 
the  exact  contact  of  the  Paleozoic  with  the  igneous  rocks,  maj 
all  be  seen,  though  not  at  any  one  exposure). 

^^The  contact  between  the  Paleozoic  and  the  Cretaceous  is 
exposed  in  Prairie  creek  about  two  miles  northeast  of  Mnrfrees- 
boro  where  the  Cretaceous  rock  is  a  conglomerate  with  calcareous 
cement.  These  parti-colored  Cretaceous  beds  are  cut  into  and 
exposed  in  many  places,  and  at  low  water  almost  continuously^ 
along  Prairie  creek  from  this  point  to  the  mouth  of  the  stream, 
while  on  the  right  bank  of  the  Little  Missouri  they  rise  in  beauti^ 
fully  exposed  cliffs  to  a  height  of  nearly  one  hundred  feet  above 
the  river. 

''  Where  Prairie  creek  enters  the  Little  Missouri,  a  dike  of 
peridotite  not  more  than  ten  inches  wide  stands  out  for  fifty  feet 
across  the  mouth  of  the  former  stream,  and  on  the  left  bank  of 
the  river  this  dike  is  seen  to  penetrate  the  soft  sandstones  of  the 
lower  Cretaceous.  Where  the  Cretaceous  has  been  cut  away  by 
Post-tertiary  erosion  and  covered  with  the  water-worn  debris, 
the  dike  is  also  cut  off  even  with  the  eroded  Cretaceous  surface 
and  covered  with  debris.  At  the  line  of  contact  between  the 
dike  and  the  Cretaceous  sandstone,  the  most  careful  microscopic 
examination  does  not  reveal  the  slightest  trace  of  metamorphism. 
The  original  material  injected  into  this  crevice  is  bo  thoroughly 
filled  with  the  debris  of  the  beds  through  which  it  has  passed — 
shales,  sandstones  and  quartz  pebbles — that  their  included  frag- 
ments form  about  two-thirds  of  the  dike  as  it  now  stands.  Even 
the  soft  inclusions  from  the  Cretaceous  are  unaffected.  The 
great  number  of  these  inclusions  suggest  that  the  injected  mass 
was  cooled  by  them  to  such  an  extent  that  it  was  rendered 
incapable  of  producing  contact  metamorphism  even  on  a  very^ 
small  scale. 

'^  The  horizontally  bedded  Cretaceous  strata  do  not  appear  to 
be  disturbed  in  any  way  whatever  by  the  presence  of  this  dike 
or  even  by  that  of  the  main  body  of  peridotite.     This  little  dike 
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affords  the   principal   evidence  in   regard   to  the  age  of  these 
igneous  rocks. 

*^The  Paleozoic  exposure  of  this  locality  is  the  most 
southerly  one  known  in  the  state.  The  rocks  are  all  sandstones 
or  quartzites,  frequently  false-bedded^  and  containing  many 
so-called  ^'  fucoid  impressions.''  They  are  much  fractured  and 
jointed  and  occur^  for  the  most  part,  as  irregular  blocks,  and 
only  at  the  extreme  southwest  part  of  the  exposure  is  it  possible 
to  determine  their  dip  satisfactorily.  The  dip  moreover  is  not 
uniform  either  in  amount  or  direction,  the  one  measured  being 
26^  southwest,  and  somewhat  below  the  average.  The  exact 
•contact  between  the  Paleozoic  and  the  igneous  rock  is  not 
visible. 

"  The  rocks  of  this  group  vary  considerably  from  flinty 
greenish  quartzites  to  light-colored  and  porous  sandstones, 
but  this  variation  is  no  greater  than  one  might  expect  to  find 
in  the  variable  sandstones  of  the  Lower  Carboniferous  to 
v^hich  these  are  supposed  to  belong.  Some  of  the  quartzites 
are  extremely  hard,  but  the  appearance  of  freshly  broken 
specimens  shows  that  this  hardness  is  to  be  attributed  to  the 
indurating  efiects  of  weathering,  rather  than  to  contact 
metamorphism.  In  some  instances  the  sandstones  are  of  a 
light  brown  color  and  contain  traces  of  vegetable  matter, 
though  no  recognizable  forms  have  thus  far  been  discovered. 
In  other  cases  they  are  tinged  with  green  coloring  matter, 
probably  due  to  the  presence  of  chlorite. 

^'Inasmuch  as  it  has  been  suggested  that  the  South 
African  diamonds  may  have  been  generated  by  the  meta- 
morphism of  the  carbon  in  the  carbonaceous  shales  penetrated 
by  peridotite,  it  should  be  added  that  no  such  phenomenon 
is  suggested  by  observations  at  this  locality  or  upon  these 
rocks. 

"  The  Post-tertiary  wash  so  widespread  in  southwestern 
Arkansas  is  thinly  scattered  about  the  foot  ot  the  ridge 
of  peridotite.  Its  cobbles  and  pebbles  are  of  sandstone, 
quartz,  novaculite,  and  jasper,  cemented  here  and  there  into 
a  ferruginous    conglomerate.    The   fragments  are  usually 
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much  water-worn,  but  some  of  them  are  subaDgular,  while 
in  size  they  range  from  that  of  one's  head  downwards 
Careful  search  was  made  among  this  material  for  fragments 
of  peridotite  or  serpentine,  but  none  was  found.  From  tbe^ 
readiness  with  which  this  rock  decomposes,  however,  it  could 
hardly  be  expected  that  such  fragments  would  be  preserved 
for  any  great  length  of  time. 

^'  The  sum  of  our  evidence  favors  the  hypothesis  that 
this  peridotite  is  a  simple  injection  which  took  place  about, 
the  close  of  the  Cretaceous  through  and  between  the  Pale- 
ozoic strata,  and  penetrating  the  lower.  Cretaceous  beds,  and 
that  whatever  its  relations  to  orographic  movements  may^ 
have  been,  it  caused  no  great  direct  disturbance  either 
chemical  or  physical  in  the  beds  with  which  it  appears  ia 
contact. 

*^  It  naturally  occurs  to  one  that  the  Tertiary  subsidence 
and  the  intrusion  of  these  igneous  rocks  are  associated  in> 
some  way ;  but  which  is  the  cause  and  which  the  effect,  the 
facts  to  be  gathered  at  this  locality  do  not  indicate. 

^^  The  course  of  geologic  events  at  this  place  as  indicated 
by  the  geology  of  the  region  was  as  follows  : 

Time.  Eveot. 

1.  (At  the  dose  of  the  Carboniferous,  the  rocks  or 
Close  of  the  Carbon- -j  that  age  were  flexed,  lifted,  and  subjected  to  very^ 
Iferous.  (  extensive  Bubae'rial  erosion. 

2.  (  The  southeast  margin  of  the  eroded  land  sank 
Early  Cretaceous,     -j  beneath  the  ocean  and  the  lower  and  upper  Creta- 

(  ceous  beds  were  deposited  against  and  upon  them. 

3.  r  The  land  was  elevated  and  the  Cretaceous  beds 
Close  of  the  Creta-  -j  exposed  to  a  brief  period  of  erosion. 

ceous.  i 

r     The  igneous  rocks    were  ejected  through   tlie 

4.  Paleozoic  shales  and  sandstones  and  the  clays  and 
Early  Tertiary.         -j  soft  sandstones  of  the  lower  (and  upper?)  Oreta- 

I  ceous,  and  the  land  sank  beneath  the  seas  ia 
t  which  the  Tertiary  beds  were  laid  down. 

5.  f  The  Tertiary  series  was  elevated  and  in  the  slow 
Post-tertiary.            J  process  of  passing  through  the  beaoh  condition  its. 

I  soft  beds  were  subjected  to  extensive  erosion  and 
(.denudation. 

6.  r  Quaternary  events,  which  need  not  be  specified 
Quaternary.              \  here. 

^' Of  all  the  known  occurrences  of  crystalline  rock  in  the 


: 
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state  of  Arkansas,  the  peridotite  of  Pike  caunty  offers  the 
best  evidence  of  the  date  of  its  intrusion.  All  the  other 
known  exposures  are  north  of  the  Cretaceous  area  and  in  a 
region  in  which  metamorphism  has  been  so  general  that 
every  trace  of  the  paleontqlogic  evidence  of  the  age  of  the 
rocks  penetrated  that  may  have  existed  has  been  entirely 
obliterated,  and  we  are  therefore  unable  to  determine  by  any 
evidence  thus  far  collected,  the  precise  age  of  those  beds^ 
and  are  consequently  unable  to  determine  the  age  of  the 
eruptives.'' 

It  is  evident  from  the  above  statements  that  the  time  of 
the  intrusion  of  these  rocks  was  not  far  removed  from  that 
of  the  syenitic  and  monchiquitic  rocks  in  other  parts  of  the 
state. 


CHAPTER  Xn, 

Thb  Basic  Dikes  occubbinq  outside  of  the  Syenite 

Abeas  of  Abeansas. 


By.  J.  F.  Kemp. 


OocurretiGe. — The  explorations  of  the  State  Geological  Sur- 
vey have  brought  to  light  a  number  of  basaltic  dikes  outside  of 
the  regions  described  by  J.  Francis  Williams  in  the  preceding 
chapters^  as  well  as  a  number  of  others  associated  with  the  sye- 
nites of  Magnet  Cove  and  Saline  county.  Some  of  the  former  are 
situated  as  much  as  forty  miles  (65km)  or  more  away  from  the 
principal  masses  of  eruptive  rock,  while  the  latter  penetrate,  not 
only  the  strata  quite  near  the  disturbed  area,  in  Saline  county, 
on  Teager  Creek,  and  in  the  neighborhood  of  the  Ouachita 
River,  in  Hot  Spring  and  Garland  counties,  but  are  also 
developed  in  the  ridges  of  Magnet  Cove  and  in  its  interior  basin, 
while  those  in  the  Saline  county  syenite  district  pierce  the  syenite 
itself.  Even  the  rocks  from  the  remoter  dikes,  as  will  appear  in 
the  descriptions,  are  closely  related  to  those  of  the  s]^enite  cen- 
ters and  they  are  doubtless  all  genetically  connected.  It  is  not 
to  be  supposed  that  all  or  even  a  large  proportion  of  them  have 
been  or  can  be  discovered  on  account  of  the  overlying  soil,  vege- 
tation and  limited  exposures. 

The  dikes  described  here,  as  shown  by  the  general  tabula- 
tion in  the  next  chapter,  are  very  narrow.  The  widest  one 
recorded  and  definitely  determined  is  four  feet  (1.13m)  while 
the  average  is  from  one  to  two  feet  (0.8  to  0.6m)  and  in  some  in- 
stances they  are  as  narrow  as  one  inch  (25mm).    They  suffer  so 
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severely  from  disintegratioD  that  only  about  one-third  of  those 
<H)llected  furnish  sections  sufficiently  fresh  to  be  available  for 
accurate  work,  but  by  comparison  with  these  the  general  char- 
acter of  many  of  the  others  can  be  determined.  The  wall  rock 
where  not  eruptive^  is  either  limestone^  sandstone  or  shale. 
Where  observations  have  been  made  on  the  dikes  in  sedimentary 
rocks  they  are  usually  found  to  be  vertical.*  D.  D.Owen  f 
mentions  a  locality  near  Mill  Gap,  Hot  Spring  county  where  the 
igneous  rock  appears  to  overlie  the  sedimentary.  This  place 
has  since  been  visited  by  J.  Francis  Williams^  who  found  that  the 
igneous  rock  has  simply  forced  its  way  between  the  strata  of  the 
displaced  sedimentary  rocks.  It  would  appear  from  the  prevail- 
ing vertical  character  of  the  dikes  that|  in  general^  the  walls  have 
not  been  much  disturbed  since  their  intrusion.  Such  specimens 
as  were  thought  in  the  field  to  come  from  low-dipping  exposures 
have  proved,  when  examined  microscopically,  to  be  metamor- 
phosed sedimentary  beds.  The  macroscopic  resemblance  between 
the  dikes  and  metamorphosed  sedimentary  rocks  is  often  extraor- 
dinarily close.  So  far  as  can  be  noted  the  dikes  produce  little  if  any 
contact  metamorphism  in  the  walls.  This  lack  of  metamorphism 
is  usually  to  be  uoted  with  narrow  bodies  of  very  basic  rock. 

Nomenclature. — The  rocks  here  called  ouachitites  (pro- 
nounced wah'-she-tite)  are  named  from  the  Ouichita  River 
•along  which  they  are  particularly  well  developed.  They  are 
<;onsidered  as  forming  a  new  member  in  the  monchiquite  group 
lately  proposed  by  Rosenbusch,  X  ^^^  ^^  constituting  a  sub- 
group under  the  fourchite  division  of  the  latter  proposed  by 
J,  F*.  Williams  (see  p.  110  of  this  report),  and  with  which  they 
are  closely  related,  but  from  which  they  differ  in  mineralogic 
composition  and,  to  a  c  )n8iderable  extent,  in  geologic  occur- 
rence. The  monchiquite  group  was  formed  to  include  the  basic 
•dikes  of  close  affinities  with  the    "tepbrites,  nepheline-rocks, 

*  Compare  remarks  by  Geo.  EoglemaDo,  Proc.  of  A.  A.  A.  S.,  Vol.  V.,  1851,  p,  199  cited 
in  this  report,  chapter  I.,  p.  13. 

t  Beport  of  a  Second  Qeological  BeoonnoioBaDce  of  Arkansas  by  David  D.  Owen.  Phlla.* 
IMO,  p.  82. 

X  M.  Banter  und  H.  aoaenbasch;  Ueber  Monchiquit,  ein  OamptoDltiKhes  Qanggeatein 
«iu  der  Oefulgscbaft  der  ElSollthgyenlte.    Tschermak's  Mln.  u.  Petr.  Mitth.  XI.,  1890,  p.  445. 
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limbargitesy  camptonites  and  theralites",*  but  which  havebeeD 
found  especially  in  counection  with  the  eleolite  syenite.  They 
are  subdivided  on  the  basis  of  mineralogic  composition  as 
quoted  in  chapter  IV.  of  this  report,  p.  109. 

As  will  appear  later,  olivine  is  lacking  or  only  very  spar- 
ingly represented  in  almost  all  of  the  Arkansas  dikes.  The  sub- 
division ouacbitite  is  therefore  made  under  the  monchiquite  and 
fourchite  to  include  those  rocks  which  lack  olivine,  but  are  rich  in 
biotite  and  augite.  This  close  affinity  has  been  remarked  by 
Professor  Rosenbusch  who  has  kindly  examined  a  specimen  from 
one  of  the  freshest  dikes  and  has  emphasized  its  relationships. 
Ouachitite  differs  therefore  from  monchiquite  much  as  a  biotite- 
augitite  does  from  limburgite  and  forms  among  the  dike  rocks  a 
grouping  similar  to  that  adopted  for  the  effusives.    . 

In  color  the  ouachitites  are  black  or  very  dark  gray.  They 
are  all  porphyriticand  exhibit  very  large  phen^crysts  of  biotite  and 
augite.  Many  contain  both,  but  in  some  the  former  recedes,  while 
in  others  the  latter  becomes  less  important.  The  augite  may  be 
15  to  20mm  in  its  greatest  dimensions  but  averages  less.  The 
crystals  are  stout  prisms  and  not  tabular.  The  biotite  in  some 
cases  measures  as  much  as  25mm  across  the  base  and  15mm  in 
thickness,  but  also  average  less.  To  macroscopic  observation  it 
is  the  most  striking  mineral  in  the  rock.  On  a  rough  estimate 
its  great  phenocrysts  make  up  about  fifty  per  cent  of  the  rock  of 
dyke  18,  but  this  is  an  extreme  case.  The  augite  and  biotite 
when  large  stand  out  in  bold  relief.  Such  extremely  large 
phenocrysts  in  such  narrow  dikes  form  a  striking  feature  of 
these  rocks.  Even  when  the  dike  is  as  narrow  as  25mm 'the 
the  phenocrysts  of  augite  are  about  6mm  across.  In  the  dikes 
which  occur  long  distances  from  what  are  regarded  as  the  erup- 
tive centers  and  so  far  as  can  be  seen,  remote  from  any  notable 
parent  mass,  this  occurrence  of  large  phenocrysts  is  very  remark- 
able and,  although  not  so  very  uncommon,  is  one  of  the  most 
striking  attributes  of  such  basic  dikes. 

Microacopic  examination. — Under  the  microscope  the  dikes 
are  shown  to  consist  essentially  of  augite,  biotite,  magnetite  and 

<'  Ibid.  p.  447. 
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smaller  amoants  of  a  colorless^  isotropic  substance  or  glass. 
With  these  components  are  found  in  one  case  (dike  8)  brown 
basaltic  hornblende,  in  several  others  altered  olivine  and  in  a  few^ 
instances  titanite.  Pyrite  is  common  in  the  decomposed  speci- 
mens. Apatite  has  been  everywhere  noted  and  in  almost  all 
specimens  secondary  calcite  shows  the  beginning  or  advance  of 
alteration.  Although  the  glassy  basis  has  some  strong  nephelin- 
itic  characteristics,  only  in  one  or  two  instances  has  definitely 
crystallized  and  anisotropic  nepheline  been  detected. 

In  two  instances  a  very  feebly  refracting  mineral  was  noted 
which  afforded  between  crossed  nicols  six-sided  cross-sections  of 
marked  zonal  structure  very  like  fig.  2>  pi.  XIV.,  of  Bosen- 
busch,  Mik.  Phys.  V0I..I.  It  is  probably  some  member  of  the 
s^dalite  group  exhibiting  optic  anomalies  analogous  to  the 
rhombic  dodecahedral  type  of  garnet.  Haiiyne  is  cited  in  the 
Portuguese  dikes  by  van  Werweke*. 

The  augiie  is  of  the  basaltic  type  and  occurs  in  two  genera- 
tions. It  is  often  the  most  abundant  constituent  of  the  rock  and 
marks  a  tendency  tjowards  a  fourchite.  The  larger  and  older 
generation  is  formed  of  idiomorphic  crystals  of  comparatively 
large  size  as  noted  above.  They  are  almost  always  zonal  and 
shade  from  lighter,  well-nigh  colorless  tints  inside  to  much  more 
deeply  colored  rims.  The  interior  may  be  faint  green,  yellow  or 
reddish  violet,  the  exterior  deeper  yellow  or  reddish  brown.^ 
Pleochroism  is  occasionally  present,  but  is  not  always  noticeable. 
In  dikes  207  and  282  it  passes  from  faint  green  parallel  b  and  a 
to  red  parallel  c  ;  in  dike  60  yellow  to  light  yellow.  In  dike  36. 
an  augite  with  a  colorless  core  and  a  reddish-brown  rim  showed 
an  extinction  of  41^  for  the  former,  49°  for  the  latter.  This  is 
the  natural  change  from  augite  low  in  iron  and  colorless  to  one 
higher  in  the  same  and  tinted.  Titanite  is  probably  present  in 
the  reddish  or  violet  ones.  The  usual  twinning  on  ooPdo  (100)^ 
occurs  but  is  not  frequent.  A  zonal  arrangement  of  included 
magnetite  appears  in  dikes  8  and  36,  but  it  is  not  very  marked. 
Biotite  is  at  times  included,  as  usual,  with  OP  (001)  parallel  0^ 
of  the  augite,  but  such  inclusions  are  not  very  common.     In^ 

*■  Nea«8  Jabrb.  fur  Mia.  Jabrg.  1879,  p.  461. 
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tiladed  apatite  is  rarely  found  and^  indeed^  the  angite  is  on  the 
whole  rather  free  from  foreign  matter  of  all  sorts ;  no  glass 
whatever  was  remarked  in  any  instance  within  its  boandaries.  It 
<also  seems  to  resist  corrosion  for  while  the  biot;te  bears  frequent 
evidence  of  having  been  resorbed,  in  only  one  instance  did  an 
augite  show  such  a  tendency.  Tests  before  the  blow-pipe  failed  to 
show  the  presence  of  sodium.  Augites  of  the  second  generation 
appear  as  small,  green  prisms  0.05mm  to  0.1mm  and  not  so  well 
bounded  as  those  of  the  first  generation.  They  are  uniformly 
green  and  non-pleochroic  as  is  usual  in  rocks  of  basaltic  affinities. 

The  process  of  alteration  seems  at  times  to  involve  the 
formation  of  nests  of  small,  olive-green  hornblende  prisms  which 
replace  the  large  augite  crystals.  Calcite  is  also  a  secondary 
product^  as  is  shown  by  the  efifervescence  of  the  interior  of  many 
crystals  when  treated  with  acid.  The  final  result  seems,  however, 
in  most  cases  to  be  the  formation  of  a  chloritic  mass  with  lim- 
onite  and  calcite  intermingled.  Lines  of  some  dark,  ferruginous 
substance  running  regularly  through  such  material  seem  at  times 
to  outline  the  position  of  old  cleavage  cracks,  and  it  is  probable 
that  some  of  the  iron  oxide  of  the  original  bisilicates  separated 
«long  these  cracks.* 

The  biotite  is  of  a  rich,  reddish  brown  tint,  in  sections  parallel 
OP  (001),  The  crystals  are  large  and  well  developed,  but  they 
have  suffered  much  from  corrosion  and  often  show  rounded 
contours  which  faintly  suggest  the  original  hexagon.  Some 
irregular  fragments  also  occur  which  are  probably  due  to  the 
position  of  the  section.  Somewhat  rarely  a  second  generation 
can  be  determined.  Faint  zonal  structure  is  occasionally  seen. 
The  pleochroic  colors  change  from  deep  reddish  brown  to  faint 
yellow  and  are  in  great  contrast.  A  slightly  inclined  extinction 
on  OP  (001)  is  to  be  seen — perhaps  of  2^  or  3^.  In  some  cases 
^dike  36),  there  is  a  notable  divergence  of  the  optic  axes,  but  it 
probably  does  not  exceed  6^.  Attempts  to  determine  the  percussion 
figure  failed,  as  the  mica  seems  to  have  become  too  soft  and  yields 
little  else  than  a  hole.     The  position  of  the  plane  of  the  optic  axes 

*  Compare  Kemp,  J.  F.,  "Forest  of  Defta  Oampt>nlte"  where  a  similar  pheaomeooa  U 
•noted  for  hornblende.    Am.  Jour.  Sci.  Series  8,  Vol.  XXXV.,  p.  891. 
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parallel  to  the  plane  of  symmetry,  as  determined  by  the  crystal- 
lographic  form,  proves  it  to  be  normal  biotite.  It  is  very  free 
from  inclusions  of  all  sorts,  but  augite  has  certainly  been  noted 
buried  in  a  mica  crystal  (dike  18).  Mechanical  strains  are  to  be 
seen,  but  are  not  frequent. 

In  alteration  caloite  and  limonite  form  abundantly  and  the 
mica  bleaches  out.     Such  a  whitened  core  may  at  times  be  seen 
buried  in  the  surrounding  oalcite,  chlorite,  limonite  and  dirt,, 
which  its  outer  part  has  yielded.     The  irregular  or  rarely  octa- 
hedral grains  of  magnetite  exhibit  few,  if  any,  evidences  of  being 
highly  titaniferous.     To  test  this  on  a  large  scale  a  sample  of 
dike  36  was  crushed  and  concentrated*  and  the  residue  of  a  few 
grains  thus  obtained,  consisted  of  the  small  heavy  minerals  from 
about  one  pound  of  rock.    An  ordinary   magnet  was  found  ta 
remove  all  the  magnetite  and  nothing  but  very  perfect,  small,, 
hexagonal  prisms  of  apatite  and  fragments  of  augite  remained. 
From  this  it  would  seem  that  the  titanium  shown  by  the  analysis 
I.  is  probably  in  the  bisilicates.  ' 

The  glas8  bdsia  is  not  especially  abundant,  but  appears  at 
times  forming  masses  of  some  size.  It  contains  great  numbers 
of  extremely  minute,  colorless  augite  microlites.  Larger  crys- 
tals of  augite  of  the  second  generation  bristle  into  the  glass  from 
its  boundaries  in  almost  every  instance,  and  give  it  the  appear- 
ance of  filling  an  interstitial  space.  This  glass  is  much  the  same 
as  that  described  by  Biickingf  as  basis  of  the  second  kind,  that 
is,  it  is  colorless  and  when  fresh  gelatinizes  readily  with  hydro- 
chloric  acid  and  is  stained  red  with  fuchsine. 

Tnis  tendency  to  gelatinize  with  acids  is  doubtless  a 
characteristic  feature  of  these  dikes.  In  alteration  the  glass 
affords  abundant  calcite  and  for  this  reason  it  is  not  often  that 

*  This  was  done  In  tooordance  with  the  method  recommended  by  O.  A.  Derbj  (eee. 
Proo.  A.  A.  A.  S.,  IndUnapoIiii,  1890),  which  Is  as  follows  :— Crush  the  rock  in  a  mortar  and 
paiB  it  through  a  20  mesii  rtcr^n.    Then  concentrate  bj  panning  with  a  low-coned  copper  pf  n 
in  the  way  practiced  by  the  Braxilian  gold  seekers. 

t  H.  Backing,  Basaltisehe  gesteineans  der  gegendsddwestlich  Ton  ThUringer  Wald  nnd^ 
aus  der  Rhdn.  Jahrb.  d.  k.  p.  g.  Landesanst.  far  1880,  also  the  same  for  1881. 


996  ANNUAL  RBPOBT  STATE  OBOI.OOIBT. 

the  basis  is  fresh  enoagh  to  gelatinize  and  stain.  Bucking  com- 
ments on  the  strong  likeness  between  such  a  magma  and  that  of 
the  typical  nephelinites. 

At  times  hexagonal  contours  can  be  seen  in  the  basis  mark- 
ing the  formation  of  nepbeline  and  possessing  extremely  faint 
double  refraction. 

Among  the  aooe»9ory  minerals  titauite  appears  but  rarely 
and  has  nothing  remarkable  about  it.  Pyrite  exists  in  irregular 
masses  in  the  decomposed  dikes.  It  is  doubtless  a  result  of 
alteration.  Olivine  has  been  noted  in  several  dikes.  It  marks 
a  tendency  toward  a  true  monchiquite  and  a  thin  section  of  dike 
60  resembles  strongly  sections  of  the  typical  Brazilian  rock. 

In  dike  3  abundant  basaltic  hornblende  appears.  The 
augite  remains  normal  in  amount^  but  the  biotite  decreases  in 
tjuantity,  still  being  present,  but  subordinate.  The  hornblende  is 
in  sharply  defined  idiomorphic crystals  and  makes  a  very  beauti- 
ful section  with  the  zonal  augite.  Its  extinction  angle  is  high 
for  hornblende  of  this  variety,  and  reaches  at  least  15°.  It  may 
be  regarded  as  replacing  the  biotite  to  some  extent  and  marking 
a  deviation  from  the  normal  type  and  creating  a  tendency 
toward  an  amphibole-ouachitite  or  non-feldspathic  camptonite. 
Such  rocks  have  been  noted  elsewhere  in  dikes  associated  with 
eleolite-syenite*,  but  it  is  a  noteworthy  fact  that  similar  dikes  in 
other  districts  contain  hornblende  with  greater  frequency. 

In  macroscopic  and  to  a  large  degree  in  microscopic  char- 
acteristics the  rock  from  the  dikes,  rich  in  biotite,  has  the 
strongest  imaginable  resemblance  to  the  alnoite  or  melilite 
basalt  of  the  Norwegian  eleolite  syenite  areas.  Specimens  could 
be  found  practically  indistinguishable  (macroscopically)  from 
alnoite  sent  to  J .  F.  Williams  by  Professor  Rosenbusch,  but 
in  no  Arkansas  dike  has  any  melilite  been' found. 

Chemical  investigcUion. — An  analysis  of  the  rocks  afiorded 
the  per  cents  given  in  the  following  table : — 


*  See  BoMBbuach,  BCassige  Qesteine  pp.  799,  797,  also  the  paper  oq  luonchiqnite  referred 
to  aboTe  and  literature  sabseqaeotly  died. 
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Analyses  of  augitic  roeks^ 


CONSTITUENTS. 

I. 

II. 

HI. 

IV. 

Ouachitite. 
Hot  Springs,  Ark. 

Ouachitite, 
Arkanaas. 

(CamptoDite) 
»ew  JerBay. 

MoDchiqoite 
Brazir. 

iSIA. 

86.40 

'  0.42 

12.94 

8.27  1 

4.59  j 
14.46 
11.44 

8.01 

0.97 

2.86    \ 

8.94    ) 

1.04 

88.07 

40.47 

46.48 

TiOa  

0.99 

•AlaOs....... 

FeaOa 

17.92 

14.08 

11.70 
8.87 
2.28 
0.96 

5.50 

11.86 

17.44 

16.80 
8.10 
4.21 
1.90 

3.60 

16.16 
(   6.17 
\   6.09 

FeO 

CaO 

BigO.......;. 

7J» 
4.02 

KiO 

Na.O 

8.08 
5.85 

HaO 

r  4.27 

COa 

PaOs.^ 

I  0.46 

Totel 

Specific  gravity... 

99.84 

99.88 
2.928 

99.88 
8.102 

100.91 
2.728 

I.  Is  of  dike  18  which  is  fouDd  foar  miles  southwest  of  Hot  Spriiigs. 
(3  S.,  20  W.,  sec.  11.,  N.  E.  quarter  of  N.  W.  quarter,)*  The 
analysis  was  made  by  Mr.  L.  G.  Eakins  ia  the  laboratory  of  the  U.  8. 
ecological  Survey  and  kindly  furnished  to  the  Geological  Survey  of  Ar- 
kansas by  Prof.  J.  8.  Diller. 

II.  Is  of  dike  4  (I  N.,  15  W.,  Isec.  33.,  N.  E.  quarter).  This  ap- 
pears under  the  microscope  to  be  one  of  the  least  altered  of  those  col- 
lected. It  contains  less  biotite  than  many  others,  but  this  mineral  is 
replaced  by  augite.  The  biotite  does  not  form  over  ten  per  cent  of  the 
rock.    Analysis   by   J.   F.   Kemp. 

m.  Is  of  an  analogous  rock,  which  occurs  with  the  eleolite  syen- 
ite at  Beemerville,  Ni  J.  Analysis  by  J.  F.  KeoCip.  (Am.  Jour.  8ci. 
Series  3,    Vol.  XXXVIII.,  p.  130.) 

IV.  Is  of  a  Brazilian  dike.  Analysis  by  M.  Hunter,  (Ueber  Mon- 
chiquite  etc.    Tscherm.,  Min.  u.  Petr.  Mitth.  XL,  1890,  p.  454). 

From  these  results  it  appears  that  the  rocks  are  extremely 
basic,  high  in  alumina  and  ferric  and  ferrous  oxides,  lim'e  and 
magnesia,  and  low  in  alkalies.  The  excess  of  potash  over  soda 
is  due  to  the  abundant  biotite,  or  conversely,  it  is  possible  that 
the  presence  of  potash  in  excess  may  have  caused  its  formation 

^ Thia  loeatitj  waa  afterwards  yisited  bf  J.  F.  Williams  of  the  Geol.  Surr.  of  Arkansas 
aod  the  abore  mentioned  dike  was  accurately  located  bj  the  aid  of  Col.  I).  C.  Hugg  of  Hot 
Springs. 
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and  engendered  one  of  the  chief  pecalarities  of  the  rock« 
Although  analyses  of  sach  dikes,  elsewhere,  (see  subsequent 
mention  of  literature)  are  not  as  yet  generally  available,  the 
descriptions  would  indicate  that  biotite  is  much  more  subordi* 
nate  than  in  the  specimens  from  Arkansas.  The  rock  from 
New  Jersey,  whose  analysis  is  given  above,  in  mineralogic  com- 
position approaches  the  nearest  to  these  rocks.  The  New 
Jersey  rock  would  have  been  described  undersome  such  name  as 
is  here  employed,  if  as  much  bad  been  known  and  recorded  then 
as  now. 

Occurrence  of  similar  dikes  elsewhere. — It  is  a  curious  fact  that 
dikes  of  very  basic  rock  are  commonly  associated  with  eleolite 
syenite  wherever  the  latter  has  been  recorded  and  studied.  Thus 
as  far  back  as  1850,  Bonnet  *  in  a  description  of  the  occurrence 
of  the  eleolite  syenite  or  foyaite  of  the  Serra  de  Monchique  in 
Portugal  mentions  basalt  and  melaphyre  as  associated  with  it» 
by  which  we  are  to  understand  simply  a  dark,  basic  rock.  A 
series  of  specimens  was  subsequently  collected  there  by  Dr. 
Beiss  and  among  these  was  one  called  basalt  which  occurred  in 
dikes  in  the  eleolite  syenite.  This  came  into  the  possession  of 
Leopold  van  Werweke  and  in  1879  a  description  was  published 
by  him  f-  He  determined  the  rock  to  be  a  limburgite  and  to 
consist  of  a  gray  ground  mass  with  microscopic  phenocrysts 
(Einsprenglinge)  of  hornblende,  a ugite,  olivine  and  haiiyne.  The 
hornblende  is  abundant,  the  olivine  and  haiiyne,  which  among 
themselves  are  present  in  about  equal  quantities,  less  so;  the 
augite  is  sparing ;  apatite  is  present.  L.  van  Werweke  states  that 
it  departs  from  the  normal  limburgite,  but  not  enough  to  make 
a  separate  group. 

A  year  later  van  Werweke  again  wrote  on  the  Portuguese 
rocks  more  in  detail^  He  refers  to  the  dikes  already  described 
and     mentions  another  in  the   nepheline   (eleolite)   syenite  of 

*  BooDet.  ATgmire,  Description  gtegraphlqae  tt  geologiqoe  de  cette  Piorioce.  Out  rage 
•pproT6  et  imprlmie  par  1'  academie  royale  d«8  scieDoet  de  Lishonne.   Llsbao,  1850, 

t  L.  vtJi  Werweke,  Beitng  sor  Kenntniai  der  Limbargite.  Neaea  Jahrbacb,  1879,  p.  451, 
X  L.  Tan  Werweke.  Ueber  den  Nephelin-Sjeoite  der  Serra  de  Monrhiqoe  Im  sadllehcn 
Portugal,  und  die  denaelben  darchaetzendeo  Oeatelne,  Neuea  Jabrbneh,  Jahig.,    1880,  Band 
I.,  pp.  141-186,  especially  p.  179. 
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Pioota  which  be  determines  to  be  a  nepheline  basalt  with  aooes- 
8017  plagioclase.  It  is  a  finely  oiystalline  rock  and  consists 
of  idiomorphic  hornblende,  needles  ofaugite,  magnetite  and  mag- 
nesia* mica  in  a  colorless,  donbly  refracting  gronndmass.  With 
this  are  *'  microporphyritic ''  angite,  olivine,  and  small  rods  of 
feldspar  in  the  gronndmass.  The  gronndmass  gives  a  grayish 
blue  interference  color,  gelatinizes  and  yields  cubes  of  salt  on 
drying  and  is  therefore  called  nepheline.  The  hornblende, 
angite  and  nepheline  are  about  equally  abundant.  The  magnet- 
ite is  titaniferons.  The  augite  is  xonal,  being  gray  inside  with 
a  red  rim.  The  biotite  occurs  with  magnetite  in  wreaths 
surrounding  the  olivine  and  is  also  subordinate  in  the  ground- 
mass.  The  syenite  in  which  these  augitic  dikes  occur,  has  been 
shown  to  be  later  than  the  Culm  and  van  Werweke  pronounces 
these  dikes  to  be  different  from  any  known  pre*Tertiary  type. 
Another  specimen  (p.  182)  from  the  Valle  do  Bispo  is  pro- 
nounced nepheline  basalt  and  is  shown  to  consist  of  a  fine- 
grained gronndmass  of  nepheline,  augite,  olivine  and  much 
magnetite  and  mica.  This  one  may  not  differ  materially  from 
the  Arkansas  dikes.  A  six-centimeter  dike  (p.  182)  from  Sitio 
das  Bebolas  has  the  same  gronndmass  as  the  last  with  augite, 
amphibole,  feldspar  and  mica  phenocrysts.  Another  from  Sitio 
do  Barocoo  is  prophyritic  containing  augite,  feldspar,  hornblende, 
mica,  titanite  and  olivine.  The  hornblende  phenocrysts  are 
often  as  much  as  6cm  in  length.  The  mica  is  subordinate.  The 
augite  is  pleochroic,  violet  to  yellow. 

These  Portugese  rocks  furnish  some  close  parallels  to  the 
Arkansas  dikes,  but  the  general  absence  of  hornblende  and 
olivine  and  the  extreme  abundance  of  biotite  in  the  latter,  places 
them  in  strong  contrast  with  the  former. 

0.  A.  Derby  *  has  recently  found  basaltic  dikes  associated 
with  the  Brazilian  eleolite  syenites.  Dikes  of  various  kinds  of 
basalt  occur  near  Campo  Grande  in  gneiss  (p.  458).  Again  the 
gneiss  at  Tingni  is  cut  by  small  dikes  (p.  459).  In  the  Pocos 
de  Caldas  (Hot  Springs)  region  tephritic  basalts  are  associated 

*  Derbj.  O.  A.,  Co  MtplMliat  Roeka  iB  Bimiil,  etc,  Q.  J.  O.  8.,  Londoo,  1887,  p.  487. 
»  Gtolofleml;  Vol.  il.,  1880. 
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with  Carboniferotts  rocks.  This  appears  to  be  verj  like  the 
Arkansas  dikes  and  Mr.  Derby,  who  has  looked  over  the  slides 
of  the  Arkansas  rocks  in  the  Cornell  laboratory  with  the  writer, 
pronoances  them  to  be  very  like  the  Brazilian  varieties  and  to 
differ  from  the  latter  only  in  the  greater  amount  ofbiotite  which 
they  contain. 

A  series  of  the  Brazilian  rocks  was  sent  to  Prof.  Bosenbuscb 
and  by  him  entrusted  to  F.  Fr.  Graeff  ^^  but  nothing  especially 
in  regard  to  the  dikes  has  as  yet  been  published  by  him. 

Very  recently  the  paper  by  Hunter  and  Bosenbuscb  f  cited 
above  has  appeared  and,  while  in  the  main,  it  is  intended  to 
establish  the  general  counection  of  these  basic  dikes  with  eleolite 
syenites,  it  gives  a  very  full  description  of  those  from  Brazil. 
Their  many  points  of  affinity  with  the  Arkansas  dikes  have 
already  been  commented  on. 

As  the  result  of  field  work  done  years  before,  the  existence 
of  a  great  dike  of  some  eruptive  rock  near  Beemerville,  ia 
northwestern  New  Jersey,  was  noted  in  the  New  Jersey  report 
for  1868,  p.  144.  This  was  visited  in  1881  by  B.  K.  Emerson 
and  a  description  was  published  in  18824  Emerson  mentions 
some  stray  pieces  of  a  fine-grained,  brownish  black  eruptive  rock 
filled  with  scales  of  mica,  which  show  nepheline  in  the  thin  sec- 
tion. Other  bodies  in  place  are  mentioned  in  the  New  Jersey 
Annual  Report  for  1882,  p.  67,  and  these  led  the  writer  (J.  *F. 
Kemp)  to  visit  the  region  in  1888  and  to  study  them  in  the  field. 
As  a  result  a  description||  was  published,  but  since  the  rocks  are 
almost  always  excessively  altered  and  impregnated  with  calcite 
it  is  difiicult  to  determine  what  their  original  condition  was. 
They  were  shown,  however,  to  consist  of  abundant  large  crystals 
of  biotite,  of  rather  less  frequent  idiomorphic  augite  in  two  gen- 
erations, of  magnetite  and  apatite,  and  ot'some  plagioclase,  which 

<>  Graeff,  Franz,  Fr.,  Mineralosiach-p«irograpbische  Untersuchung  too  Eliollte-af^- 
olten  von  der  Serra  de  Tlogaa.    N.  Jahrb.  fOr  Min.,  Jahigaog,  1887.  Band  II.,  p.  822. 

t  H.  Hanter  and  H.  Roseobusch,  Uebcr  Moncbiquit,  ein  Oampionitlaobes  OanfKMteia 
aas  der  Oefolgacbart  der  Ellolitbsyeolte.    Mln.  u.  Fetr.  Mitt.,  Band  XI.,  18M,  p.  455. 

X  Emerson,  B.  K.,  On  a  great  dike  of  Foyalte  or  ElnoUte-Sfealta  catting  tbe  Hadaoa 
River  Sbalcs  in  nortbwettem  New  Jersej.     Am.  Joar.  ScL  Series  8,  Vol.  XX HI.,  1882,  p.  3tt^ 

I  K<tmp,  J.  F.,  Do  Certain  Porphyrite  Bowes  in  northwestern  New  Jersey.  Am.  Joar. 
Scl.  Seiies  3,  Vol.  XXIII.,  1889,  p.  180. 
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€0uld  be  distinguished  in  the  groandmass.  The  writer  was 
unable  to  satisfy  himself  of  the  presence  of  nepheline,  although 
strongly  suspecting  it,  and  hence  from  the  Paleozoic  surround- 
ings of  the  rocks  they  were  called  porphyrites.  It  must  be  ad- 
mitted that  the  age  of  intrusion  of  the  syenite  cannot  be  definitely 
^stated  and  that  all  that  appears  is  that  it  is  later  than  the  Hudson 
Kiver  and  Oneida  stages.  The  great  basicity  of  the  rooks,  as 
•shown  by  analysis  makes  their  a£Bnities  with  the  porphyrites 
improbable  and,  as  certain  of  the  slides  show  the  strongest  anal- 
ogies with  the  Arkansas  dikes,  all  these  rocks  clearly  belong  in  the 
same  category.  Prompted  by  the  preparation  of  this  paper  the 
writer  again  visited  the  New  Jersey  region  and  spent  nearly  a 
week  in  field  work.  Several  new  outcrops  of  the  basic  rock  were 
found  and  it  was  clearly  seen  to  be  associated  with  the  eleolite 
syenite  and  to  have  come  out  on  the  eastern  side  of  it,  either 
'close  alongside  or  penetrating  the  shales  a  mile  or  two  away. 
That  other  dikes  of  somewhat  different  character  occur  six  or 
seven  miles  away  will  be  shown  in  a  later  contribution.  So  far 
as  can  be  judged  the  dikes  or  bosses  in  the  neighborhood  of  the 
syenite  are  nearer  like  the  Arkansas  dikes  than  any  rocks  yet 

discovered. 

In  1885  J.  E.  Wolff*  announced  in  the  Neues  Jahrbuch 

{Vol.  I.,  of  1885,  p.  69)  certain  nepheline  rocks  of  great  interest 
from  the  Crazy  Mountains  of  Montana  and  subsequently  pub- 
lished a  detailed  description  of  them.'*'  The  rocks  form  dikes  in 
Cretaceous  sandstone  and  consist  usually  of  augite,  biolite,  neph- 
eline, plagioclase,  magnetite,  olivine  and  haiiyne.  They  appear 
to  have  considerable  in  common  with  those  described  above,  as 
for  example,  the  large  augites  and  biotites  whose  mineralogic 
properties  are  closely  related  to  those  described  here.  But  there 
are  other  differences,  such  as  the  presence  of  plagioclase  and  the 
fact  that  the  rocks,  so  far  as  known,  are  not  associated  with 
eleolite  syenites. 

In  the  report  of  the  Geological  Survey  of  Canada  for  18631 

^  Wolff,  J.  E.,  Notes  on  the  Petrographj  of  the  Cnzj  MoonUlni  and  other  localities  In 
>IoD  tint  Territory.    Northern  Trtnioontlnental  Sorref. 

t  AcknowledgmenU  ere  here  made  to  Mr.  F.  D.  Adams  of  McQili  College,  MoHtraal,  for 
■a  Tory  kind  reply  to  inquiries  respecting  these  rocks  and  for  soTaral  spadmens  for  comparison. 
In  thin  sections  the  specimens  sent  are  not  rery  Ilka  the  Arkansas  dikes  and  ressmhla  mora 
closely  typical  camptonites. 
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p.  665,  T,  8.  Hunt  mentioDs,  of  course  with  no  microwopio  d«- 
scriptioae,  as  ooourring  near  Montreal,  trachytes,  phonolites^ 
diorites  and  dolerites.  Id  the  report  for  1877-78,  p.  429,B.  J. 
Harrington  adds  an  aaalcite-bearing  rook  or  tesebenite  to 
the  above.  These  rocks  have  since  been  ioveatigated  bjr 
Harrin^n  and  Adams  and  fbrther  descriptions  are  to  be 
expected.  Rosenbnsch  mentions  (Maaeige  Gesteine  p.  90)  the 
oecDrrence  of  eleolite  syenite  near  Montreal.  A.  Lacroix  has 
printed  a  note  in  the  Comptes  Bendas  for  Jane  2,  1890,  p.  1162, 
entitled,  "Bur  la  Syenite  elKoIithique  de  Montreal  (Canada)  et 
Bar  les  modiScations  de  contact  endomorphes  et  exomorphea  de 
oette  roohe."  Lacroix  mentions  as  cutting  Trenton  and  Ohaay 
limestones,  hornblende  and  mica  diabase  and  o)iTine  gabbro, 
vhich  contain  at  times  enough  nepheline  and  sodalite  to  occasion 
a  passage  into  teschenite,  in  the  sense  of  Fonqa^  et  L^vy.  After 
these  basic  rooks  the  eleolite  syenite  was  formed  and  both  are 
cut  by  narrow  dikes  of  what  are  called  porpbyrites,  inoloding 
mica  porpbyrites,  augite  mica  porpbyrites  (cf.  New  Jersey), 
hornblende  porphyrit«a,  augitites,  and  finally  nephelinites  with 
ngirite  and  secondary  zeolites.  Of  these  dikes,  nothing  farther 
than  mere  mention  is  made,  except  that  rolled  boulders  of  them 
are  found  in  a  neighboring  Lower  Helderberg  conglomerate,  a 
fact  that  helps  to  fix  the  age  of  their  formation. 

For  two  seasonB  the  writer  nnder  the  auspices  of  the  U,  8. 
Geological  purvey  has  been  engaged  in  studying  and  mapping 
the  dikes  which  occur  very  abuDdantly  around  Lake  Champlain 
40  to  100  miles  (64  to  160km)  sonth  of  Montreal.  These  are 
mostly  diabases,  camptonites  and  non-feldspatbic  moncbiqnites. 
In  the  southern  portion  of  this  area,  the  camptonites  are  chiefly 
found,  while  to  the  north  ore  the  monohiqnites.  These 
may  in  all  probability  be  regarded  as  an  outlying  man- 
ifestation of  the  eruptive  activity  which  bad  its  chief 
development  at  Montreal  and  as  furnishing  another  illoa- 
tration,  if  this  view  be  a  correct  one,  of  the  distance  t» 
which  suoh  a  manifestation  may  extend.  On  Lake  Champlain 
they  are  60  to  100  miles  (96  to  160km)  and  more  sonth  of  the 
main  ernp^ve  area.  Qnartzlesa  and  quartz  porphyries  (Boetonite?^ 
occur  with  tbem  in  great  <leveloptnent. 
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The  Montreal  area  is  being  studied  by  Harrington  and 
Adams  from  whom  future  detailed  descriptions  may  be  expected 
«s  stated  above. 

Eieolite  syenite  is  known  at  Litohfieldy  Me.^  and  at  Salem, 
Mass.,  and  the  entire  New  England  coast  in  this  region  is 
seamed  with  dikes  *  but  as  they  are  widespread  and  abundant 
and  the  eieolite  syenite  very  subordinate,  it  would  hardly  be 
justifiable  to  connect  all  or,  with  our  present  knowledge,  even  a 
few  of  them  with  it.  Such  relations  may,  however,  appear  ip 
f  the  future. 

Brogger  mentions  in  his  recent,  exhaustive  monographf  on 
the  minerals  of  the  Norwegian  syenite  pegmatite  dikes,  that 
dikes  of  basic  rock  occur  which  are  the  youngest  of  the  series. 
He  mentions  (p.  79)  diabase,  diabase-porphyrite,  proterobase,  and 
proterobase-porphyrite.  These  rocks  are  more  fully  described 
in  his  earlier  work :  Die  Silurischen  Etagen  2  and  3,  where  they 
are  said  to  be  rich  in  plagioclase. 

Bikes  called  originally  melilite-basalt  by  Tornebohm  X 
were  announced  in  1882  from  the  island  of  Alno  and  vicinity 
and  likewise,  occur  in  close  relation  to  eieolite  syenite.  The 
melilite  rock  has  since  been  named  alnoite  by  Bosenbusch.  Its 
close  resemblence  to  ouachitite  has  already  been  emphasized. 

Greenstone  dikes  are  casually  mentioned  in  one  of  the 
papers  on  the  Bitro  eieolite  syenite,  cited  by  Koch||  but  are  not 
<lescribed.  So  far  as  is  known  to  the  writer,  they  are  yet  to  be 
recorded  from  the  Greenland  area,  for  Yrba  makes  no  reference 
to  such  dikes.§ 

The  nepheline  and  melilite  rocks  from  Greenland  described 
by  Tornebohm^  were  from  loose  blocks  of  which  the  field  re- 
lations have  not  yet  been  definitely  stated. 

*  Kuup,  J.  F.,  Dikes  near  Kennebunkport,  Me.;  American  Oeologlst,  March,  1890. 
dtotioDB  to  tlie  local  literature  are  girpn. 

fBrdgicer,  W.  C,  Die  Mioeralien  der  Syeoitpefmatitgflage  der  Sod-nonr^iicheii 
Augit-  ond  Nephelinajenitgftnge.    Published  ae  Vol.  XVL,  of  the  Zeitschr.  f.  Kxjni,,  1890. 

X  Oiled  from  the  origioal  Siredish  ia  Boseaboech,  Physlog.  der  Massigeii  G«steiD.'pp 
'«04and809. 

1  Koch,  A.,  M.  Jahrb.  M 1  i«r  il.    Jahrg.,  18S0,  Band  I. 

2  Vrba,  K.,  Beltrige  s  ir  Kuuatoias  der  Oeelelne  Siid-GranlandB,  Sitxungsb.  der  Aka- 
4eBie  der  Winenaoh.  sa  Weiu.  LXIX.,  1874, 1. 

V  Cited  from  the  Swedish  in  Boeenbuseh,  Phjsiographie  der  Masslgen  Oeeteioe,  p.  798 
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From  this  widely  distributed  and  well-nigh  universal  as- 
sociatien  of  very  basic  rocks  with  eleolite  syenite  we  most  infer 
that  there  is  some  underlying  genetic  relation  between  the  two. 
The  syenites  appear  in  most  cases  to  precede,  but  this  is  not 
always  true  in  Arkansas,  and  in  New  Jersey  the  relative  age  U 
not  apparent.  It  is,  to  say  the  least,  a  striking  phenomenon 
that  two  such  sharply  contrasted  magmas  should  occur  in  such 
dose  proximity,  the  one  being  so  subordinate  in  amount  to  the- 
other. 

Rosenbusch*  attributes  the  occurrence  of  these  widely  d\{^ 
ferent  rocks  to  the  splitting  up  of  what  he  designates  as  the 
foyaite  magma. 

The  work  of  collecting  specimens  and  noting  the  occurrence 
of  the  dikes  lying  outside  the  syenite  areas  was  done  by  J.  C. 
Branner,  E.  C.  Buchanan,  T.  B.  Comstock,  L.  S.  Griswold,  R» 
A.  F.  Penrose,  Jr.,  J.  P.  Smith,  B.  A.  Whitmore,  J.  F.  Williams, 
and  Arthur  Winslow.  Those  within  or  very  near  the  syenite 
areas  were  gathered  principally  by  J.  F«  Williams,  under  whose 
charge  the  work  has  been.  Most  of  the  thin  sections  have  been 
made  and  the  petrographic  investigation  done  in  the  Geologi- 
cal Labratory  of  Cornell  University,  Ithaca,  New  York. 
Seventy- five  sections  were  made  in  all,  ten  of  which  were  pre- 
pared by  Dr.  R.  N.  Brackett  of  the  Geological  Survey  of 
Arkansas. 

^  Uebtr  die  cbemlaclien  BesiahuDfeD  der  erupt iTfwtelne  bj  H.  Roaenbuach.    MiDcrai^ 
asd  Petrograph.  Mittheil.,  Band.  XI.,  1889,  p.  144. 


CHAPTER  Xill. 

TabuLtATIon  of  the  Djkes  of  Igneous  Rock  of  Arkaksas, 
by  J.  F.  Kemp  and  J.  Francis  Williams. 

This  tabulation  presents  in  a  condensed  form  the  chief 
points  of  interest  concerning  the  occurrence  and  the  more 
important  petrographic  characteristics  of  the  dikes  of  igneous 
rock  in  Arkansas. 

The  dikes  are  arranged  in  a  geographic  order  beginning 
with  that  one  which  lies  furthest  north  and  then  proceeding 
southward  taking  each  range  of  townships  and  considering 
under  each  of  these  first  those  lying  at  the  extreme  west  and 
then  those  further  to  the  east  until  all  in  that  range  of 
townships  have  been  discussed.  The  only  exceptions  to  this 
rule,  that  have  been  made,  occur  in  cases  where  the  dikes 
are  represented  on  the  special  maps ;  in  such  cases  all  the 
dikes  on  one  map  are  kept  together  regardless  of  the  town- 
ship in  which  they  occur. 

The  fact  is  here  again  emphasized  that  this  table  con- 
tains, and  from  the  nature  of  the  case  can  only  contain,  a 
small  proportion  of  the  dikes  which  exist  in  the  state.  As 
far  as  these  are  at  present  known  to  the  survey  they  are 
here  tabulated. 

The  columns  need  very  little  explanation  additional  to 
that  given  in  the  headings,  but  attention  is  called  to  the 
following  points : — 

After  dike  57  the  column  in  which  the  township  and 
range  are  given  is  omitted  for  in  all  the  special  maps  no  two 
sections  of  the  same  number  occur  and  no  confusion  can 
arise  from  the  omission  of  township  and  range. 
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After  the  eame  number  of  dikes  the  colamn,  in  which  is 
recorded  the  name  of  the  man  who  first  reported  the  dike, 
is  omitted)  for  all  of  the  dikes  (with  the  exception  of  dikes 
68  to  64  inclusive,  in  which  cases  the  fact  is  especially  noted 
in  the  '*  location  **  colnmn)  were  found  and  described  by  J. 
Francis  Williams, 

The  column  containing  the  name  of  the  man  by  whom  the 
microscopic  petrographic  descriptions  of  the  several  rocks  were 
made  contains  a  large  number  of  blank  spaces,  showini;  that  in 
those  cases  no  microscopic  examination  was  made  and  that  the 
petrographic  character  and  name  of  the  rook  were  determined 
macroscopioally  by  the  finder. 

As  compactness  is  an  essential  in  such  a  table,  the  descrip- 
tions of  localities,  ocoarrence  and  petrographic  characteristics 
have  been  made  as  short  as  possible,  and  in  some  cases  the  clear- 
ness may  have  suffered    from  too  great  brevity  in  description. 

The  insertion  of  the  small  cuts  in  the  'location  column'*  has 
been  made  in  order  to  express  more  easily  and  concisely  than 
could  be  done  in  words  the  relative  positions  of  the  dikes  in  the 
banks  and  cliffs  in  which  they  occur.  The  cuts  are  to  be  con- 
sidered simply  as  diagrammatic  representations  of  the  positions 
of  the  dikes,  and  are  of  such  a  nature  that  the  actual  appearance 
of  the  face  of  the  cliff  has  in  most  cases  had  to  be  modified  in 
order  to  bring  out  the  points  desired. 

The  punctuation  has  been  omitted  from  the  table,  partly 
for  the  sake  of  compactness  and  partly  from  the  fact  that  ordi- 
nary fonts  of  type  do  not  contain  punctuation  marks  in  sufficient 
quantities  to  allow  of  their  proper  use  in  this  large  table.  The 
omission  of  periods  afber  single  initial  letters  will  cause  but 
little  confusion,  but  in  the  description  of  localities  and  especi- 
ally in  the  petrographic  descriptions  the  substitution  of  commas 
for  colons  and  semicolons,  and  the  entire  omission  of  the  commas 
from  the  sentences  where  they  are  necessary  to  bring  out  the 
sense  may,  at  first,  occasion  some  confusion,  but  if  the  fact  of 
these  substitutions  and  omissions  is  bom  in  mind  no  misconcep- 
tion of  the  meaning  need  arise. 
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CHAPTER  XIV. 
Scheme  of  Abrakgeubnt  and  Geneb&l  Conclusiokb. 

It  appears  from  tbe  foregoing  descriptioa  of  the  igneous 
Tocke  of  Arkansas  that  they  embrace  many  forms  of  eleolite 
syenite  and  its  aooompanyiog  rocks  which  have  not  been  found 
elsewhere  in  tbe  world,  or,  if  founds  are  so  poorly  exposed  and 
occur  so  sparingly  that  they  have  been  but  little  studied. 

So  far  as  the  rocks  of  Arkansas  correspond  with  those  de- 
soribed  by  Brogger  in  Norway  or  those  described  by  Maobado, 
'OrseS,  Derby  and  Hussak  from  Brazil,  or  by  van  Werveke  and 
others  from  Portugal,  names  similar  to  those  used  by  those 
writers  have  been  adopted,  but  in  many  cases  no  names  have  as 
yet  been  su^ested  which  apply  to  certain  types  occurring  in 
Arkansas. 

The  name  eleolite  syenite  has  been  restricted  in  this  report 
to  the  holocrystalline,  granitic,  abyssal  rooks  and  the  dike  rocks 
have  been  sharply  separated  from  them. 

When  tbe  structure  of  the  dike  rocks  approaches  that  of  an 
abyssal  eleolite  syenite  the  took  has  been  called  an  eUoliie  fertile 
dike  rock.  (Etaolitbsyenit  Ganggeetein)  in  the  same  sense  that 
Rosenbusch  (Mikroskop.  Physiog.  Vol.  II.,  p.  279)  uses  the 
name  granitic  dike  rocks  (G-ranitische  Ganggesteine). 

In  all  these  rocks  feldspar  and  eleolite  are  the  important 
and  characteristic  constituents. 

These  dike  rucks  have  been  subdivided  both  according  to 
their  structure  and  tbe  minerals  which  they  contain  and  the  fol- 
lowing varieties  have  been  established. 

Miarolitio  eUoUte  ayenite  dike  rock  (p.  90)  which  is  a  miaro- 
litio  dike  rock  containing  eleolite  but  no  quartz. 

Hiaroliti£  quartz  syenite  dike  rook  (p.  93)  which  contains 
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quartz  (usually  secondary)  aod  is  decidedly  miarolitio  in  struc- 
ture. 

PegmatUic  deolite  eudialyte  syenite  dike  rock  (p.  239)  which 
consists  of  large  pegmatitic  crystals  and  closely  resembles  some 
of  the  dikes  described  by  Brogger. 

Pulaskite  {Trachytic  hornblende  {av^Ue)  syenite  dike  rook)  (p.. 
57)  in  which  the  trachytic  structure  is  brought  out  by  the 
form  of  the  feldspars  and  in  which  hornblende  is  more  impor- 
tant than  augite,  but  which  in  other  respects  resembles  Brog- 
ger's  laurvikite  very  closely.* 

Trachytic  eleolite  syenite  dike  rock  (p.  83)  which  in  macro- 
scopic appearance  resembles  Brogger^s  nordmarkite.  This  rock>. 
according  to  its  constituents  and  structure^  would  fall  under  the 
group  designated  by  Brogger  as  foyaite  (a  name  not  used  by  the 
,writer). 

Trachytic  deolite  cancrinite  syenite  dike  rook  {Diamond  Ja 
type)  (p.  233)  is,  as  its  name  expresses^  a  dike  rock  containing 
besides  feldspar,  eleolite  and  cancrinite  among  the  light  colored 
silicates. 

The  next  class  of  rocks  consists  of  the  truly  porphyritio 
rocks  which  are  grouped  as  follows: — 

Eleolite  porphyry  which  is  restricted  to  a  truly  porphyritio 
form  of  eleolite  syenite  in  which  the  eleolite  forms  the  phenoorysts 
and  orthoclase  is  of  only  secondary  importance.  These  have 
been  subdivided  according  to  the  dark  colored  silicates  which 
th<y  contain.  They  possibly  consist  of  both  dike  and  border 
type^,  but  are  for  the  present  included  under  one  head,  since  no 
specimens  have  been  found  sufficiently  typical  of  either  class  to 
allow  of  a  sharp  distinction  between  the  two. 

Eleolite  tingudite  which  is  macroscopically  still  more  por- 
phyritio than  the  eleolite  porphyry  in  its  appearance  and  in 
many  respects  resembles  the  phonolites.  It  is  characterized 
by  the  phenocrysts  of  orthoclase,  the  eleolite  in  the  groundmass 
and  the  holocrystalline  and  in  many  cases  panidiomorphio 
character  of  the  latter.  The  line  between  it  and  the  eleolite 
porphyry  is  drawn  with  reference  to  the  phenocrysts  which  the 
rocks  contain  and  the  structure  of  the  groundmasses. 
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Two  types  of  eleolite  tingu^ite  are  recognised,  namely,  the 
xlike  type  and  the  border  type,  but  the  dtsttnotion  is  one  of  occur- 
rence and  not  one  of  stracture. 

Among  the  leucitio  rocks  no  trule  abyssal  forms  ap|)ear,  bat 
the  dike  form  corresponding  to  the  trachytic  eleolite  syenite 
dike  rock  (Diamond  Jo  type)  occurs  associated  with  the  latter. 
This  leucite  rock  is  designated  in  this  report  as  leuoUe  9yenite 
dike  rock  in  order  to  emphasize  the  similarity  between  it  and  the 
Diamond  Jo  type  of  eleolite  rock.  It  is  characterized  by  the 
phenoorysts  of  pseudoleucite,  eleolite  and  feldspar.  The  pseu- 
doleucites  are  more  prominent  than  the  two  other  light  colored 
constituents.  The  rock  in  some  cases  approaches  very  closely  to 
a  leucite  porphyry  and  in  other  cases  has  the  structure  form  of  a 
true  abyssal  rock.  The  transition  is,  however,  so  gradual  and 
so  local  that  the  separation  into  the  two  groups  has  not  been 
made  in  this  report  and  this  rock  is  all  classed  under  the  head  of 
leucite  syenite  dike  rock. 

Leucite  tingudite  is  similar  to  the  eleolite  tinguaite  except 
that  as  in  the  preceding  case  the  pseudoleucites  are  the  most 
characteristic  phenocrysts.  The  rock  has  much  the  appear- 
ance of  a  leucite  phonolite,  but  differs  from  it  in  the  same 
way  that  the  eleolite  tingu&ite  differs  from  the  eleolite  phon- 
olite. The  leucite  tinguiite  consists  of  a  dike  type  and  bor- 
der type  which  differ  from  each  other  in  the  structure  of  the 
groundmass.  The  dike  type  shows  a  certain  amount  of  fluidity 
in  the  groundmass  while  the  border  type  is  perfectly  non- 
fluidal,  and  is  holocrystalline  with  a  tendency  to  panidio- 
morphism  in  its  constituents. 

JSgirite  tingudite  (p.  867)  macroBCopically  resembles  the 
eleolite  tinguaite  very  closely  but  differs  from  it  in  that 
microscopically  no  eleolite  is  visible  in  the  groundmass.  The 
feldspar  is  in  large  tabular  crystals  and  is  the  only  impor- 
tant phenocryst.  The  base  consists  principally  of  minute 
feldspar  and  segirite  crystals. 

The  peridotite  forms  a  distinct  type  of  rock  and  its  char- 
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acteristics    have   beeo  studied  and  described  (see    chapter 
XI.)  by  R.N.  Brackett. 

The  attgitio  dikes  belong  to  the  monchiquite  group  and 
among  them  are  some  rocks  which  contain  olivine  and  others 
in  which  it  is  wanting.  A  complete  scheme  of  subdivisions 
for  this  group  is  given  on  p.  392. 

From  what  has  already  been  stated  in  regard  to  the  various 
regions  it  is  seen  that  in  all  probability  these  igneous  outbursts 
all  took  place  about  the  same  time  and  that  although  successive 
and  distinct  periods  of  igneous  activity  are  recognizable  in  each 
of  them  they  are  chronologically  not  very  far  removed  from 
each  other. 

The  evidence  at  hand  points  to  the  subsidence  at  the  end  of 

the  Cretaceous  period  as  the  time  when  these  eleolite  rocks  were 

intruded.     The  country  as  far  north  as  the  mouth  of  the  Caddo 

in  Clark  county  was  submerged   during  the  Cretaceous  period 

and  was  covered  with  Cretaceous  deposits.     (See  map   in    An. 

Rep.  for  1888,  Vol.  II.)     It  was  then  again  depressed  until  all 

that  portion  of  the  state  lying  along  and  east  of  the  St.   Louisi 

Iron  Mountain  and  Southern  Railway  was  under  the  Tertiary  sea 

and  was  covered   with  Tertiary  material.     The  igneous  rocks 

were  probably  intruded  during  this  subsidence  for  it  is  natural 

to  assume  that  by  a  subsidence  ot  the  land  a  pressure  would  be 

exerted  upon  the  molten  material  below  and  that  when  cracks 

were  formed  by  the  sinking  of  the  Paleozoic  rocks  the  igneous 

material  would  force  its   way  up  into  or  through   them.     It  is 

probable  that  this   intrusion  of  igneous   material   began   early 

during  this  subsidence   and  lasted  until  near  its  close,  so  that 

some  of  the  rock  was  intruded  either    while  the  Paleozoic  rock 

which  covered  it  was  under  the   Tertiary  sea   or  else  but  very 

shortly  before  that  time. 

The  geographic  distribution  of  the  syenitic  rocks  describ- 
ed above  is  shown  at  a  glance  by  an  inspection  of  the  fol- 
lowing table: — 
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LI&T  OF  ABBREVIATIONS. 


uEegiri.  ting.,  oeglrite  tineuaite. 

Auipb.  moncb.,  amphibole  monchiquite. 

Amph.  ouacb.,  ampDibole  ouacbitiie. 

Campt.,  campionit*>. 

El:  eudlalite  sj.,  eWlite  endialyte  sjenite. 

£1.  garnet  sj.,  eleolit**  garnet  syenite. 

El.  mtca  sj.,  eleoiyte  mica  S}enite. 

EI.  porph  ,  eleolite  porphyry 

El.  sr.,  eleolite  syenite. 

El.  sy.  dike  rock.,  eleolite  syenite  dike  rock. 

£1.  ting.,  eleoli'e  tinguaite, 

Fonrcb.,  fourcbite. 


Lampb.,  lamprophyr. 

Leuc  porph..  leucite  porpbyry. 

Leac.  sy.  dike  rock.,  leucite  syenite  dike  roek. 

Leuc.  ling.,  leucire  tiuguaite. 

MoDcb.,  moncb iriQite. 

Miaro.  el.  sy.,  mlaroiitic  eleolite  syenitp. 

Mlaro.,  qu.  sy..  miarolitic  quartz  syenite. 

Ou4ch,,  ouachitite. 

Porph.,  porpbyry. 

Porpb.  sy.,  porph yri tic  syenite. 

Qu.  sy.,  quartz  syenite. 

Ting.,  tinguaite. 


AbflorbtlTenees  of  rock 47-48,  78,  86,  90, 182 

Acbinatow  mine,  Russia,  resuTianite  from , 887 

Acmite  from  Norway,  analysis  of 260 

Adams,  F,  D.,  specimens  from „ 4^  8 

iEngirlte,  analysis  of  Magnet  Core  specimen 250 

Norwegian  specimen 260 

early  history  of 248 

in  feg.  ling.  369,  Cont.  rock  160,  El.  ead.  sy.  248-250,  £1.  sy.  77.  6",  i:i8.  EI.  sy. 
dike  rock  236,  237.  £1.  sy.  pegmatite  dike  143,  £1.  ting.  352,  Leuc.  sy.  dike  rock 
275,  Leuc.  ting.  279,  280,  281,  288,  289,  Pulask.  68,  Tiog.  102,  noted  in  Magnet  Core.  249 

JESgirite  tinguaite,  analysis  of  Arkansas  material 870 

analysis  of  Norway  material .m. 287,  870 

described.  Border  type  149-150,  Dike  type  146-7. 

dikes 867-873 

Hot    Springs « 367-861 

Hominy  Hill.. 871-37» 

likeness   to  rbomben-porpbyr :...    147 

minerals  in..- 146-7,  149-150,  869-873 

useof  namein  this  report.... 480 

Ag««  of  igneous  rocks  In  Arkansas 3,  48,  128,  34.%  365,  886-898,  431 

Ainigmatite  in  Pulaskite ^    64 

Albite  mlcropertbitlc  intergrowtb  of 91 

Aldricb,  A.  B.,  assistance  from 868 

Allis  Mountain 19,  26,  30,  36,  72,  90,  106,  114,  118,  122 

Aln5,  Sweden,  dikes  on „ ^^  405 

AInoite  named.. ^ 405 

similarity  toampb.  moncb 295,  898 

Alpe  Cfaplajs,  pseudomorphs  from 115 

28  Geological;  Vol.  ii.,  1890. 
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.E«glri.  ting.,  Bglrile  licgu 


porpb ,  elmllte  porphrrr 

>T.  dike  rock.,  eleolile  ivanl 
_...  tlD|..i!]wiIletliigu^te, 
Fourch.,  lourchil«. 


Lamph.,  lamprophrr. 

Leue.  piirph,.  leiiciie  pofnhjfx. 

L^uc.  ay.  dlk<  ruck.,  Icuclte  ijrf  a 

J>uo.  ling.,  Ifuclie  tlbguilw. 

Monch.,  monchlunito. 

Mkro.  eJ.i;.,  mlirellUcelMitteB: 

MJiro.,itu.  >r..  mUroIlLle  qriuli  I 

Ouicli,,  ouMhime. 

PoFfih..  porpb 717. 

p.irph.  >7.,  purphj-rltic  sj-enilB. 


Ailmat  F  D    sneclraeos  Irom 

Milr  blilarj  of „.___ _ 



laics,  ling.  9^.  Coo'-  rock  1«0,  EI.  ead.  aj.  I4g-ZM>,  E].  17.  77.  E",  ISI,  B,*;. 
dlka  mck  236,  ?S7.  El.  <y.  pegmallte  dike  lU,  EI.  ting.  W2,  Leuc,  (f.  dlka  rocli 
27.%I*UC.  llDg.  2T9,280,2Kl,IgS,a9B,Puliik.(»,T!Bg.ll»,iioledlnMiigB»tCote.  M9 

.EgiriteiingLraile,  aoalyiisof  ArkinwiiBileri»l B70 

snHlj.la  of  Norwaj  material „ ..„ „..  M7,  B70 

ducrlhml,  Border  type  liB-ISO,  Dike  ijrpo  Hfi-7. 


L«  mlcrapertblilc  iQicTgrowrh  of^.„ 


AlDaltenaisedM 

ilmlUrilr  M  iroph,  nonch. 
Aipe  C^aijlaje,  pHudamorpba  train , 
!B  Gcologinii  7ol.  11.,  ISM. 


,.^ ..™  l«-7,  IW-IBO.  H»-tTa 

_ -.. 4tO 

...  8,  4S,  13S.  U!l,  3U.  U6.S9a.  431 


-  19,  U,  SO.  U,  71,  H.  ISO,  lit,  lis,  l» 
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Amphibole  (see  alao  hornblende) 

in  amph.  moooh.  162,  292,  ConU  rock  297.    El.  vj.  78, 184-5,    El.  vj.  pfgmat  dikes 

87, 144.    MUro.  el.  sy.  dike  91. 

FOf  ph.  B7. 141,  PulMk.  88-65,  Ting  108. 

bioiiie  monchiquite m^.^..^........*.................... ~..»........  109 

monchiquite,  analjeis  ofL...M..«.«M.M...«........MM • .* —•"  295 

appeumooe  of »^ 1S5 

minerals  in........ ^....  151-158,292-294 

oocunenee  of. 109, 151, 185,291 

ouaohitite  dMcribed 110-114 

minerals  in.. 112-118 

tendency  towards.. — .^....  898 

Analcite  in  El.  sy.  78,  £1,  sf .  dike  rock  87,  Palask.  68-89. 
Analysis  of  acmite  250,  Jl!;girite  280,  JEglr.  Ung.  287, 870,  Air  189. 

Amph.  foorch.  228,  Amph.  monch.  Ill,  295,  Apatite  221. 

Biotite  211,  Blue  granite  89,  Brookite  (Arkansiie)  808, 809. 

Camptonite  111,4^. 

lietrital  material  88,  Dysanalyte  884. 

Eleolite  210,  271,  288,  El.  felsite  268,  EI.  mica  ay.  (light)  226,  228,  El.  mica  sy. 

(dark)  227, 228,  El.  porphyry  261,  EI.  sy.  81,  88,  El.  sy.  dike  rock  88,  238, 

276,  Kl.  sy.(orthocIasiic)  185,  El.  sy.(plagloclastic)  ISO,  El.  ting.  266,EudiaIyte 

M7. 
Fourch.  loe.  Ill,  Foyaite  81. 
HaOyne  (t^eor.)  288,  Hydrotltanite  885. 
Kaolin  8?,  Kryptoperthite  59,  60. 
Laurdallte  81,  JAnrTlirlte  70,  Leucite  (altered)  378,  Leuc.  sy.  dike  rook  276, 

Leao.  ting,  (toul  analy.)  287,  Leuc.  tlog.  (partial  aoaly  )  287,  Lodestone  219. 
Manganopectolite  254,  ibid,  (recalculated)  265,  Metamorphosed  rock  802,  Micro- 

cline  240,  Microcline  microperthite  76,  Mooch.  Ill,  899,  Montlcelliie  840-1. 
Natrolite  252,  253,  Natroxonotlite  (recalculated)  358,  ibid,  (theor.)  358,  Nephe- 

linsyenit  81,  Nordmarkite  89. 
Orthoclase  270, 860,  Ouach.  228,  899,  Oxarkite  228. 
Pectolite  (theo.)  255,  Peridot.  883,  885,  Perofskite  884,  Pikrlte  porphyrlte  111, 

Pot.  and  sod.  in  Pot.  Sulph.  water  868,  ProtOTermicollte  211,  225,  Fseado- 

leuclte  (total  and  partial  aoaly.)  270, 273,  Pulask.  (fresh)  70,  81, 88,  (part  de- 

comp.)  70, 
Qaariz  sy.  dikes  (coarse)  96, 99,  (fine)  99. 
fichorlomlte  214, 215,  216,  Shale  263,  Sodallte  (theor.)  288,  Sulph.  hydrogen,  863, 

8y.  (decomp.)  82. 

Titanlte,  261,  Total  solid  matter  in  ^ot  Sulph.  spr.  water  864. 

VesiiviaDite,  888. 

Water  from  Pot.  Sulph.  Sps.  862,  WoIIaatonite  856,  857. 

XoDOilite  856  (theor.)  858. 

Andrews,  Dr.,  cited 8 

Anortblte  (plagioclase)  in  amph.  monch 297 

Antiquarian  Society  of  Little  Rock 12,34 

Jkpatite  analysis  of 221 

confused  with  ozarklte 221 

in  legiri.  ting.  870,  Cent,  rock  Pot.  Sulph.  Spr.  855,  El.  garnet  sy.  231,  El.  mica  sy. 

220-221,  £1.  porph.   149,  El.  sy.  78,135,   189,  EI.  sy.  dike  rock  87,  Metacalcite  335 

Miaro.  f y.  dikes  92,  Ouach.  895,  Porph.  sy.  142. 

Aplitlc  dikes 145 

Aragonlte   pseudomorpbs „ ^ 818 
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ArboraUon  of  Magnet  OoTe  region....... 167-170, 190 

Potash  Sulphur  Springs  region...................... 346 

Arbuckle- Wichita  mountain  Byatem. 4 

Archean  rocks  in  adjacent  states » 4 

JLreaof  igneous  rocks  in  Arkansas 1 

surface  coTered  by  "granite"  in  Fonrohe  Mountain  region.. 82 

in  Saline  county  region 127 

ArfTedsonite  in  El.  sy.  184-6,  Porph.  sy.  141,  Pnlask.  64,  Ting 103, 104 

Arkansas  state  of » 8 

territory  of «». • 8 

Granite  Company  of  Little  Bock 18,  89 

Arkansite,  see  brookite >—^ 

AsbjdrDsrSd,  NorwNy,  tlngnaite  from 287,  870 

Ash-beds,  early  origin  of „ 848 

occurrence  and  description  of 878>376 

of  Batesville  region 873-876 

of  Polk  c  .unty 876-876 

Ashes  wanting  in  Fourche  Mountain  r^on 128 

in  Magnet  Goto  region 348 

Astropbyllite,  angles  of 169 

in  contact  rock  168,  £1.  eudial.  sy.  dike  rock,  247. 

in  El  Pasooounty,  Colorado 160 

tests  of 160,  248 

Augite,  hour-glass  structure  of 107 

in   ampb.  monch.  161, 292,  Amph.  ouach.  112,  Fourch.  107. 
Monch.  868,  Ouach.  896,  Peridot.  881. 

pseudomorphs  after 114-116 

syenite.. 66,57 

Angitic  dikes  outside  of  syenite  areas 392-406 

use  of  name 431 

rocks  described  by  Kemp 107,892-406 

descriptions  of - 106-116,290-295,  852-3.54 

occurrence  of 106, 160,290-296,  862-354 

Aussig,  Bohemia,  rocks  compared 87 

Austin,  Texas,  igneous  rocks  near 5 

Axial  ratio  of  eudUlyte 248 

of  manganopectolite 254 

Azoic  system.. «......., 2U7 

Sarkevikite  in  Pulasklte- 64 

Barite  associated  with  peridotite.. 380 

Barney,  Joshua,  quoted 18 

Basalt  described  from  Arkansas 12,86,87 

weathered   to  bauxite 126 

Basaltic  hornblende'  (see  hornblende  and  amphibole) 

BatesTiUe,  ash-bed  near 373-376 

Bauer,  Max,  cited  on  brookite  317,  Paramorphs  of  rutile  after  brookite 817-827 

Twinning  law  of  rutile  826-880. 

Bauxite,  age  of 22 

genesis  of 124-126 

occurrence  oL 22,29  81, 124, 162 

Bayley,  W.  8,  cited  oo  New  Hampshire  syenite ., 67 

Beadle,  Rev.  E.  R.  specimens  from 87,  206,  304,  306,  378 

feemerTille,  N.J.  basic  dikes  from  described 402-408 

camptonite  from,  analyzed 399 

eleolite  porphyry  from : 149 
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Belgian  blocks........ .....^ ftft 

Beiuent,  C.  8.,  minerals  loaned  by 242, 244, 814 

Ben  Saude,  Alfredo,  cited  on  perofsklte.. ,,,,  „ 881-3S4 

Benton,  Ark.,  syenite  near «»>• .  127 

Bergemann,  analysis  by 27& 

Berxellus,  cited  on  sgirite.. 248- 

Biotite  altered  to  protoTermicalite »..  211 

analysis  of  decomposed  (protoTermiculite),  ibid,  recalcnlated 211 

of  fresh  material  from  Mt.  YesuTius 21L 

In  amph.  monch.  158,  Amph.  euach.  118,  Cslclte  880,  Contact  rock  117,  297-300,  808, 
£1.  garnet  sy.  281,  El.  micasy.  210-212,  El.  porph.  261,  El.  ay.  77, 188,  El.  sy. 
dike  rock  86, 286,  El.  sy.  pegmatite  dike  144,  EI.  sodallte  sy.  850,  El.  Uog.  103, 
266,  Leuc.  97.  dike  lock  275,  Leuo.  Ung.  279,  281,  286,  Miarolitic  el.  sy.  dikes  91, 
Ouacb.  896,:Porph.  sy.  141,  Pulaak.  61. 

pseadomorph  after  augite »..  114 

Black  HllU,  mentioned 207 

Bliss,  Ex-QoT.  0.  C,  help  from .m........ ..........^    22 

Blocher,  Ark.,  Ilmonite  at . 219- 

Blue  granite  (pulasklte)  absorptlveness  of 47-49- 

colorol i^    40 

effect  of  heat  on .» ~ •—.  6041 

hardness  of  (Uble) « .- 40-48. 

In   Saline  connty 129- 

jointing  of 4(K 

minerals  in  and  structure  of....... 65-71 

recapitulation  of  physical  qoalities 61-5i 

lelations  to  sedimentary  and  other  igneous  rocks 121 

specific  grsTity  and  weight  per  cubic  foot 49' 

strength  of  (table) ^ 42-47 

structure  ~ .» 80-40 

table  of  qualities  expressed  in  figures 58. 

uses  of.. 54 

weight  per  cubic  foot  of 49- 

Blum,  cited  on  pseud,  of  mica  after  augite  115,  Paramorph  of  rntile  after  brookite  820. 

Bonnet,  Algarve,  cited  on  Portuguese  dikes.. 400 

Boone  chert 874 

Border  rock,  Porphyritic  border  rock  see  tinguiite. 

Boricky  cited  on  "vegetable  cellular  structure" 104 

Bostonite  near  Lake  Gham plain «... 404 

Brackett,  Richard  N.  analyses  by,  39  (cited),  88,  88,  89,  96,  99,  108,  HI,  264,  276,  287,  889, 

(partial)  856*,  857,  860,  868,  864. 

cited  on  perofsklte 142 

mentioned..... 406,  481 

quoted 880-888, 888-885> 

Brackett  and  Branner,  J.  C,  paper  on  peridotite *. 18,  877,  378 

Brackett  and  Smith,  J.  P.,  analysis  by 70,  81,  288,  888, 286 

Braddock,  John  S.,  qnarry  of , 30,72,  TZ 

Branner,  J.  C. 

analysis  quoted  from.. 89^ 

Cited  on  age  of  igneous  rocks,  18,  842,  Peridotite  in  Pike  county  878.    Theory  of  prod  action 
and  age  of  ash  beds  875. 

mentioned 406,  409,  412,  414 

quoted  on  Pike  county  peridotltes. 878-880, 886-391 

Branner,  J.  C,  and  Brackett,  B.  N.,  paper  on  Peridotite  of  Pike  county  cited ....18, 877-89L 
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'Brazil,  Analyaia  of  moDchlquite  110,  399,  Nephelloe  syenit,  81,  OrthoclAse  from  71-2, 

lencife  tingniite  lo « 278 

psendoleacite  form 274 

Brelthaapt,  A.,  cited  on  brooklte „ 8f^,  308 

Briogier,  L.,  ciied  on  Arkansas  rocks  and  minerals 9,  84,  218,  224 

cited  on  name  "CoTe  of  WachitUu 163 

firdgger,  W.  C,  cited  on  segirite  and  acmite  249-200,  iEglrite  tinguaite  289,  Astrophjrllite  159, 
BarkeTikite  64,  Basic  dikes  in  Norway  405.  CleaTage  of  feldspar  76,  Eleolite  66,  El.  sy . 
66,  Euoolite  267,  Eudlalyte  248,  Foyaite  85,  429,  Granitic  structure  120,  Laurdalire  80, 
186,  Laurrikite  66,  429  MiCroclIne  microperthite  'i6,  Nephelinrhombenporphyr  100, 
Nepheline  sy.  p<^matlte  dikes  from  L&ven,  97,  Nordmarkite  89,  429,  pegmatite  dikes 
92, 121,  429,  Quarts  syenite,  98,  Thickness  of  overlying  sed.  rocks  120.    Ting.  106. 

names  used  by .;>. 428 

works  of  described T^, 66 

Brookite  described  by  Tarious  writers .« 804-822 

distribution  of  at  Magnet  Gove J. 184,  206,  822-224 

moir6  metalllque  lustre  on ^ 810 

paramorphs  of  rutile  after. ;. 809-811, 817-222 

source  nf 3-'8-324 

Brooks  and  Ooz  mentioned 4^0 

Brown  Granite  (eleolite  syenite  dike  rock)  absorptiveness  of 85 

color  and  structure  of * .     84 

minerals  in  and  composition  of 85-90 

occurrence  of. * 89 

relation  to  other  rocks ]21 

specific  gravity.. 85 

strength  ^ 84-85 

uses  of....'. 84 

weight  per  cubic  foot. 85 

'  Brucite  In  eleolite  eudlalyte  syenite  dike 268 

Brush,  0.  J.,  cited  on  "oaarkite" 222 

minerals  from 811 

■  Buchanan,  E.  O.,  mentioned 406,  409 

Backing,  H.,  cited  on  brookite  316,  Gla»s  in  basalt  897. 

Burnet  county,  Texas,  pre-Oambrian  roc^a  in.. 6 

■Calcite  in  iEgir,  ting.  80,  873,  Contact  rock  298,  £1.  mica  sy.  225,  El.  sy.  dike  rock  87,  288,  Leuo, 
sy.  dike  rock  676,  Ouach.  397. 

massive  and  metamorphosed 181,  186,  880,  347,  369 

'Galdas  de  Moncbiqne,  PortugaVanaly.  of  el.  sy.  from ^ 81 

Cambrian,  Lower  Silurian  confused   with « 4 

*Gampo  Grande  RrasU,  dikes  at ^ 401 

-Cancrinlte  distinguished  from  other  minerals.. « 235-6 

in  El.  garnet  sy.  231-2,  El.  mica  sy.  225,  El.  porphyry,  149,  El.  sy.  dike  rock,  87, 
(primary)  235-6  (secondary)  237,  Leuc.  sy.  dike  rock,  276. 

<}ape  Verd  Islands,  anal,  of  el.  sy.  from 81 

Carboniferous,  Silurian  parted  from  by  ash  bed 875 

Oarlsbad  vpradelstein,  structure  of 125 

Oedar  Glades  described 127 

-Cedar  Park  loc it ed 127 

rock  from  descrlkied. 157 

"Centrsl  Mineral  Region  of  Texas 6 

Charpentler,  cited  on  pegmatite  dike« 92 

Chatard,T.  M.,  analysis 886 

Chlorite  pseudomorphlc  after  augi'e 116 
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CbloriUc  ■abttaneci  in  agfrite  tin^  .•••.•m....*.m...........m.  •••••...... ...».- »..»......»....    87!^ 

OhloropbMie  in  el.  tj.  dike  rook mm«......m,...«.....mm............ m..^... .....«*....».    287 

Clark  ooiiDtjy  older  dlTliion  of  state  «^ m............«»........................m«m«~... .m...«.-.~.    & 

CUrke,  F.  W.,  analysis  bj — ....... ....«.....^. ....^....... ..«.. .....    862 

x/ieopaira  t  neecuMi  naienai  ox.«...«......m..m......m.....mm...  ...msm  •....Ma......MM......«.««.Mw.....M..    if 

Coal,  ocoarrenoe  of  in  Arksnias ......................... S 

Goal  measures,  location  of  in  Arkansas......... m.- .......mm«.m 8. 

'■'  inuian  xg***iOfy .................................................. ............... ...........................    a- 

Colorado,  oeatral  plateau  ot........ -.......«..........„:.................;.«..    TOT 

Comstock,  T.  B.,  dted  on  Tesaa  rook  S,  Little  Boek  igneons  rocks,  17-18, 88, 
Magnet  Cove  rocks  808,  819. 

mentioned 880, 406, 400,  41ft 

Contact  minerals  from  Magnet  Oota............................................... 808-841 

from  Potash  Sulphur  springs..... 854-.S61 

Contact  rock,  black  stain  on. ...........................v.........~~.................. 11& 

of  Fonrohe  Mt.  region  described 22, 116-11^ 

ef  Magnet  Goto  region  described........ 296-^08- 

of  Potash  Snrphnr  8pringr  region  described.........................^.. 864-'  61 

of  Saline  County  region  desorlbed......MM.M.. ...m........m.....mm....  mm.   167-161 

siigm  altera uon  in  sonae  casefc.... ............ ......»..».»»..  ..........................................    ii9 

Conway,  State  Sorreyor,  cited  on  declination  at  Magoet  OotCm mm...mm.....mm....mmm    J7(V 

Copper,  native «.............m..m...........................................m..mm....mm. 1^ 

Comeans  of  W.  B.  Powell....MMM.....M.......M..............,M... m. •..mm...mm..    12, 21&. 

Cornelius,  Bot.  M  ,  cited  on  minerals  from  Magnet  Uotc ••».••. .m.......m.......mm......    ^ 

Oove  Creek  station  \Lecroy).....M«.«...............M.M  ...mm..«..»..m»..«... ......... .«....m«.,....m».«.»..    164-16& 

Goto  of  Wacnitta.. ............. •.M.MM.....m....*M....». ................ .........mm....mm.....mm.......m..mm..    9, 16& 

Cox,  E.  T.  dted  on  granite  on  SpaTioaw  Greek - m..mm........m    14 
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Cre  aceons  period,  as  time  of  intrusion  of  igneous  rocks.....M»....MM........    8, 12S,  848,  287-881,  431 

Cretaceous  rocks  in  Arkansas  and  Teza8....MM.......M.......„....M... mm.......»m 5- 

in  Pike  county m.......m ~ m...mm...m.m ......    887-391 

sectioos  of  lower  beds......  .....m.... ...mm m.. mm.........    880-887 

Cross,  W.,  dted  on  subordinate  deaTage  in  feldspar ....M........M. ......  .m...  ...... ...m........m.m......    78. 

Croesley,  analysis  by..... mm - 2i& 

CrystMlline  rocks  described  by  Oweo » m m.......mm 1  d 

Cutler,  Chas.,  author  of  guide  to  Hot  Springs.. m.......«».m ,....m..........m....................mm.    Ift. 

Cu  ting,  H.  A.,  cited  on  the  effect  of  heat  on  granite mm....... ...... .....m..    5( 

Dallas  county  court-house,  Texas m m...m mm......m..    54 

Damour,  analysis m mm.......m..................m.m..........    8:{4 

Damour  and  Des  Ololseaux  cited  on  brookite.......M«.....MM m..»...mm.. m. 8'i7-8 

Dana,  S.  8.,  died  on  brookite ..mm........ mm    814-817, 218-322 

information  from mm 389^ 

Dana,  J.  D.,  dted  on  <'ourkite"  222,  Perofskite  881. 

Day.  David  T.,  dted  on  Arkansas  syenite....M..........M - m......mm....m.    18-19, 88. 

Deoompoved  syenite,  analysis  of mm.....m...........m.m....mm...*.«.m ........m........m......    ^i 

De  la  B8che  mentioned  by  Powell mmm......m.mmm .».*• ..~..    >i^ 

Derby,  O.  A.,  dted  on  Braailian  dikes  401,  Ting.  278. 

names  used  by mm ...mmm.m... m. 4.8. 

use  of  Braxiliao  miaiog-pan....Mi»M —• mmm....m......m..    60,  397 

Des  Clolseaux  dted  on  microdine  from  Magnet  GoTe...MM...... m.m....mmm......... 8S9-i40> 

Detrital  material,  analyslB  of m.»....m ...m...m..»m.mmm    68 

from  pulaskite m. m.m m.  ......  ...........     8&. 

of  igneous  origin  outside  the  syenite  areasM....M.......M..M.M.....M...M.......M....MM.    873-87<k 
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Eleolite  sodallte  sjenite  at  Potash  Salphar  Sprlogs ^ 849-330 

mlDerals  in  and  occurrence  of ....^ ^..    849-S50 

Eleolite  syenite,  abyssal.     .^ 1 

analjrsce  oL ^ 81, 135-186 

in  Fouiche  Mountalo  region „ „ 7I-SS 

Eleolite  srenite  in  Saline  County  region 129, 180-140 

in  Potash  Sulphur  Springs  r^on ^ ^ 846 

in  trnsive 1 

occurrence  of  in  Arkansas  .....^ - 1 

(orthoclastic  from  Saline  county  region)  see  under  orihoclasiic  Eleolite  syenite. 

physical  properties  of  (see  under  "Gray  granite") 

(plagioclastlc  from  Saline  county  region^  see  under  Plagioclastic  eleolite  syenite. 

regions,  subdiTlsioos  of : ^....    2 

relation  to  other  rocks.. „ 121 

0 

use  of  name  in  this  rejgort 428 

Eleolite  syenite  dike  rook,  analyses  of «« 88. 2SS 

compared  with   nordmarklte 89 

in  Fourche  Mountain  region 88-90 

in  Magnet  Goto  region  (Diamond  Jo  type) 175, 185-194, 195, 197, 199 

in  Magnet  Cotc  region  f  fine-grained  rock) 177, 185, 187, 195 

in  Potash  Sulphur  Springs  region 847 

minerals  in  the  rock ^..    85-87, 2S.3  288 

physical  properties  of  (see  under  *'Brown  granite.) 

relation  to  other  rocks 121,  238 

similarity  to  foyaite 98 

use  of  nsme  in  this  report......... 85, 428 

Eleolite  syenite  dike  rock,  Tarietles  of  (Brown  granite) 83-90 

Tarieties  of  (Diamond  Jo  type) 288-288 

Eleolite  syen*te  first  suggestion  of  at  Magnet  Core 205 

Eleolite  syenite  (orthoclastic).    See  under  Oithoclastic  eleolite  syenite. 

Eleolite  syenite  pegmatite  dikes,  occurrence  of 148-146 

structure  and  minerals  in  various  dikes ^ 14S-146 

Eleolite  syenite  (plagioclastic)  see  under  Plagioclastic  eleolite  syenite. 

Eleolite  tingudite  analysis  of ., 266 

in  Magnet  Goto  region 178, 189, 195,  196,  200,  201.  264 

in  Potash  Sulphur  (Springs  region 861-S52 

similarity  of  composition  with  that  of  Diamond  Jo  rock 267 

use  of  name  in  this  report.. » 429 

▼arieties  of  border  type 851-2,  480 

▼arietif  8  of  dike  type « 851-2,  430 

Elliott  Go.  Ky.,  analysis  of  peridotite  from 885 

perofskite  in  peridotite  from 882 

El  Paso  Co.,  Colorado,  astrophyllite  from 159 

Emerson,  B.  K  ,  cited  on  eleolite  syenite  from  New  Jersey 149,402 

Emerson,  W.  H.,  analysis 886 

Englemann,  Geo.,  quoted  on  occurrence  of  Igneous  rocks  in  Arkansas 12-13 

referred  to  on  same  subject 893 

Enstatlte  in  Kentucky  peridotite 884 

Ermentraudt  mountain 23,  37,116, 118 

Eruptive  rocks,  in  Texas 5 

want  of  proof  of  in  Arkansas « »..    1, 123,  848,  366 

Esinark  cited  on  segirlte 2-M 

Eucolite  considered  as  weathered  eudialyte 256 

from  peninsula  Kola, iSS 

measured  on  goniometer «. 257 


I 
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^adialyte,  analjsM  of 247 

axial  ratiM  of.. 242 

deacribod  by  Hiddea  and  Mackintosh  from  Magnet  Cova 248 

figured  -.. , « 243,  244,  246 

from  Greenland^ ..„ 242 

Identified  at  Magnet  Oove  by  O.  U.  Sbepard 205,  241 

in  eleolite  eadialjrte  syenite  of  Magnet  Cove 241 

ioclasions  in 245 

measurements  of 243>244,  246 

^airchlld's  mineral  spring  mentioned  by  Owen> 15 

Fassa  Valley,  pseudomorphs  of  augite  form 1 15 

resuTianite  from 837 

Peatherstonhaugb,  O.  W.,  cited  on  eegirite  (hornblende) ^ 248 

cited  on  arboration  of  Magnet  Cove 167 

cit^  on  magnetic  attraction  at  Magnet  Core „ 171 

cited  on  magnetic  ore  at  Magnet  Cove. ^80 

cited  on  minerals  and  rocks  of  Magnet  Cove^ 2i)4 

cited  on  name  of  Magnet  Cove  164 

quoted  on  the  igneons  rocks  of  ArKansas 10 

Feldspar  (see  also  under  Orthoclase  and  Sanidine). 

analysis  of 76 

early  mention  of  at  Magnet  Coye ^ 7,  204 

in  el.  sodalite  sy.  849,  El.  sy.  74-76,  £1.  sy.  dike  rock,  86,  El.  sy.  dike  rock  (miaroli- 
tic)  91. 

Teldspathic  rocks,  petrographic  description  of  in  Saline  county 130-150 

Ferrotitanite  (see  also  Scborlomlte).. 215-216 

Ferrous  sulphide,  formation  of  on  contact  rock ^ 118 

Feuchtwaoger,  Lewis,  cited  on  striations  on  quartz ,. 304 

Findeleogletscher,  perofskite  from 884 

71ink,  G.  analysis  by « 60 

Fluorite,  in  el.  sy.  78,  EI.  sy.  dike  h>ok  287,  Fulask,  67. 

Torsberg,  O.  analyses  by 8',  89 

Fort  Smith,  analysis  of  shale^from «. 263-4 

Fort  Smith— McAllister  coal-field 4 

Foster,  J.  W.  cited  on  Azoic  rocK  in  Arkansas .,....; 206 

Fourche  Bayou  mentioned^ 19,  107 

miarolitic  quartz  syenite  near  Little  Fourche  Bayou    ^ 93.  97 

Fourche  Cove  described  by  W.  B.  PowelU U,  12 

description  of , 28 

location  of 19 

Fourche  mountain  granite  quarry 40 

Fourche  mountain  ideal  section  of 120 

proper 116 

'Fourche  mountain  region  age  of 123 

contact  rocks  in.. '. 116-119 

distinction  in  names. ., 19 

distribution  of  igneous  rocks  In 19-32 

genetic  relations  of  igneous  rocks  of.. 119-123 

petrographic  description  of  rocks  of 88-116 

petrographic  literature  of » 84-39 

relief  map  of,  (plate  2) 19 

sequence  of  formation  of  rocks  of 128 

Tourchite  analysis  of 108 

derivation  of  name 107 

described  by  J.  F.  Kemp 290 

genitic  relations  of 122 

in  Fourche  mountain  region.. 80, 107-112 
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physical  properties  of 72-84 

relation  of  to  other  roelu..... «. ........^ 121 

specl lie  gravity  of.... .......* 74 

•treDgth  of......M 7ft 

Btructare  of 72 

weight  per  eahio  foot ■....mm..;..^..    74 

Greealand,  eodialyte  f roai«„ 262^ 

looae  hlooki  of  hasic  granlie  reported 405- 

no  difces  reported  from ^ 405. 

Oreenatone  of   Powell;...^ .«.. —  12-8& 

Oriawold,  L.  S.,  dted  on  notaoalite ....^.. 8, 120,  822 

mentioned ....„..».«.......•.« 406,  418, 410,  411 

noTaculite  located  hy......... •wm..................m...mm.......m...*...........m ..mm..  16T 

Oroth,  P.,  cited  on  hrooklte 815^ 

Oronndmaw,  lo  amph.  monoh,  158,  amph.  oaach.  118. 

contact  rocks  160,  El.  ting.  852,  Fonrche  106,  Leue.  ly.dlke  lock  274-276,  Lene. 
ting.  279,  Mooch.  868,  Peridot  882-888,  Fbrph.  ly.  142,  Ting.  IW-IOB. 

Gulpha  Creek ^ ^..^  867-868. 

Hale,  John  C,  tunreyed  Magnet  Goto ...m........... ITl 

Hall,  James,  cited  on  eflect  of  abeorptlTeneas 48^ 

rock  from „,  886s 

Hardneaa  of  stone,  definition  of .' 41 

effect  on  Tarioas  minerals  used » • 41 

means  of  estimating  relative  hardness 41 

Harrington,  J.  B.,  analysis  by  ...mm.. »,„ „.m...i............^....m ^ Ill 

cited  on  tesohenite  near  Montreal....^ ^ 404 

Harrey,  F.  L.  cited   Arkansas  rocks .m....^.. 16-17.  87-88, 180 

Hauer,  V.,  analysis  by « ^ 271-272 

Hatlyene  in  leao.  tinfr*  285-289,  ouach.  895. 

theoretical  composition  of ^..................^ 28& 

Hawes,  G.  W.,  analysis  by Ill 

syenite  from  Bed  Hill,  N.  H .« ST 

Hsworth,  B.,  cited  on  Missouri  granites « m. 4 

Heikt,  effect  of  on  stone .....^ - ..m....  60-74 

Hedrnm,  Norway,  agirite  from m................  287-870 

Hematite,  crystals  of  at  Magnet  Core m....... 880 

in  el.  sy.  dike  rock «.... 288 

with  rutile  crystals „ 880 

Henry,  James,  pyriteon  farm  of „. !&■ 

Hermann,  R  ,  cited  on  and  analy.  of  brookite 808-801^ 

Hcasenberir,  F.  R.,  on  twin  law  of  rutile 824-828 

Hidden  and  MaclDtosh,  cited  on  endialyte » m.. 242 

Hidden,  W.  E  ,  minerals  loaned  by 242^ 

HIH,  R.  T.,  cited  on  "Trinity  of  Arkansas" 886-91 

granite  in  Indian  Territory  mentioned  by...^ 4 

Hintze  0.,  Handbuch  dted.. „ 887- 

Hominy  HilL ^ 871-872 

Hominy  Hill  dike ,.....* 871-87& 

Hopkins,  T.  C,  dted  on  lime  kilos » ^ 184 

Hornblende,  from  Magnet  Goto  (Featherstonhaugh) ^ »  20C 

in  amph.  mooch.  168,  Amph.  oaach.  112. 

Ouach^M „ 885-888 

Hornblende  rock  of  Harrey 88. 
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Horostone,  Fourctae  Mountain  r«gion.....MM.....M........M.................M ,. ^.  119 

Magnet  Gore  region ^. — ^ 177, 179, 186, 188. 191, 192, 196,  200,  262,  264,  296 

Hoakjns-Abiahall,  J.  L.  cited  on  apatite .^ -^ „ 221 

Hot  Spring  county,  dikes  In «..• „ „ .^ ^ 392 

Hot  Spring!,  cauMof  (Owen) ^ ^ ^ „^  ......    H 

early  mention  of... „. .......     7 

Hot  Springs  Creek ^ .>........«. 867 

Hot  Springs  dikes  analysed 899 

described 867-S71 

Hour-glass  structure  of  augite 107 

Hudson  River  shale  cut  by  foyalte ..^ 146 

Huot,  T.  Sterry,  cited  on  absorptiveness.................. 48 

cited  on  dikes  near  Mootreal 404 

serpentine  SDalyied  by 848 

Hunter,  M.,  anslysia  by ..m..........  Ill,  888,  899,  402 

Hunter  M.  and  Rosenbusch,  H.,  eited  on  monchiqnite 109-111 

Hussak,  E.,  analysis  by Ill 

cited  on  Brazilian  tiagu&ite 278 

on  pseudoleudte... m.............. 274 

names  used  by.. 428 

Hutcherson,  topographer  of  Magnet  Goto ^ 171-178 

Hyalite,  on  segregation  rein  in  Pulasklte. 71 

-Hydronephellte  in  eleollle  syenite ^ 188 

Hydrotitanite,  analysis  of ., 835 

description  of 834-885 

namegiren  by  E5nig...... *.. 884 

occurrence  of 194 

lidings,  J.  P.  cited  ui  crystallisation  of  igneous  rocks...... ........  "»— ~      ' 

Igneous  rocks,  age  of  in  Arkansas... .......«m.. .....     8 

area  of  in  Arkansas  ......•.•.•.«■.••••••.....••...•..*......■••..••  .......m  ....................      1 

character  of  in  Arkansas 1 

Igneous  rocki 

Englemann.. 12 

crystallisation  of— Iddlngs 8 

geographic  position  of  in  Arkansas 2 

geologic  occurrence  of  in  Arkansas............ 1 

geologic  occurrence  of  In  adjacent  states.... 1 

geologic  position  of  in  Arkansas.. — 2 

In  Garland  county 844-866, 367-871 

in  Hot  Spring  county  » 162-8« 

in  Indian  Territory  ...^ 4 

in  Missouri 8 

in  Pike  county... 877-892 

in  Pulaski  county 19-126,  871-873 

in  Saline  oonoty — 126-162 

literature  of m •....•...•.....•...•..•...*.................••«.••..*..*•«■.....••*..••  ......m. ...... a....................    • 

relation  to  Cretaceous........ 5 

relat  ion  to  Pleistocene.. — ^ 

relation  to  Tertiary 5 

tlmenite  in  El.  eudial.  sy.  252,  El.  garnet  sy.  231,  Bl.  mica  sy.  218,  Leuc  Ung.  286. 

in  Kentucky  peridotite •...> - 3^ 

Indian  Territory,  ash-beds  extend  to 875 

gianite  in.. ., 414 

Ouachita  uplift  in.. > 

Intratelluric  rocks — - I^ 
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Intnuive  character  of  rocks  at  Magnet  CoTe.....MM » 848,  204 

IntrofllTe  dikes,  relation  of  to  Ouachita  uplift ~...^..^.. 2 

Iron  Mountain  (Fourche  mountain) ^ m..    18 

Iron  Mountain  region,  Missouri^ ^ ^ » 207 

Iron  ore,  Pilot  Knoh  and  Iron  Moantain,  Mo 4. 

Isogenic  chart  of  Magnet  Goto ^ 173 

Janasch  P.,  analyses  bj 81 

cited  on  use  of  letter  X 226 

Jennej  W,  P ..« 411 

minerals  from................ ^    71 

Jeremejew,  P.  ron.,  cited  on  feldspar 7& 

JiTaarite  in  eleolite  garnet  sjenite....... 231 

Eaiserstuhl,  German j,  analy.  of  dysanalyte  from 384 

Kalleszinskj,  E  analysis  by 81 

Kaolin,  analysis  of,  from  Fourche  Mountain 82 

from  decomposition  of  certain  minerals..., 80 

from  deoompositioo  of  el.  sy.  dike  rocka 238 

from  Fourche  Mountain  region 81-36 

from  Magnet  Goto  region 9 

Kastle,  J.  H.,  analysis 886. 

Kemp,  J.  F.,  analysts  by ;. 229-399 

cited  on  camptonite. 896. 

cited  on  New  Jersey  rocks ».... 402 

cited  on  Texas  eruptlTes & 

d«>scriptIon  of  augltic  rocks  » „,.    107, 892-404 

measurements  of  kryptoperthlte 58 

measurements  of  microolioe^. 240. 

measurements  of  miorocline-microperthlte. 74 

on  elcolite  porphyry  from  Beemerrille,  N.J 14^ 

referred  to 290 

Kemp,  J.  P.  and  J.  Francis  Williams. 

tabulation  of  dikes  by» 407-423 

Kimberllte,  peridotite,  referred  to u....    383 

Kimzey,  W.  J.,  minerals  from '. 184,  242,  822,838 

Kinnicutt,  L.  P.,  gas  analysis  by 182 

Klfin,  C,  cited  on  optic  ezaminatioa  of  whole  crystals 24& 

Knop,  analysis  by 216,  278,  833-4 

cited  on  use  of  letter  X 226 

Koch,  A.,  died  on  dikes  near  Ditro,  Hung 40& 

Kdnig,  G.  A.,  analyses  by 211,  225,  885 

cited  on  astrophylltte  169,  on  protovermiculite 211,  225. 

on  hydroUUnite ~ .T    834-5 

Kokscharow,  cited  on  brookite  313,  816  on  endlalyte  243,  on  yesuvianite.. 337 

Koia,  euoolite  and  eudialyte  on  peninsula  of ., 258. 

Kryptoperthlte,  analyses  of,  from  Fourche  Mountain  59. 
Fredriksvam,  Norway,  GO,  Laurvik,  Norway,  60. 

Kunz,  U.  F.,  ci'ted  on  pseudoleucite 194,  20i-206,  272-274 

Labradorite,  in  miarolitlc  quarts  syenite  95,  98. 
in  el.  garnet  sy.  (See  errata  351). 

Lacrois,  A.  cited  on  el.  sy.  from  Munireal ^ 40< 

Laren  Norway,  nepheliasyenit  poftmatitgSnge  near 97 

Lake  Cham  plain,  dikes  near , 404 

Lake  Superior,  granite  ot. s 13 

Lake  Superior  system  of  Foster.. 206 

Lang  and  Jannasch,  dted  on  the  use  of  X.......^. mm 226 
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Laurdalitt,  UkeneM  to  tl.  aj —«». ^.^......c.......^......^....    80-81,  IW 

LfturTikite,  aoalyiis  of.................».........................*.~.>...*~~..*—«>M 70 

llken«M  to  pulMkito. ~ 06,  69, 429 

Uta  like  appMranco  of  rocka  at  Magnet  Cot««......~......... .^ .^.    177, 195,  204 

Lawrence,  Dr.  O.  W.  cited  by  Catter..........^....^ ^ ..^... ..^.....^ 16 

JLeorof ,  P.  O. „ ^ -^ —- 164 

Lehmann,  J.  on  tkiekneta  of  overljlng  rock.. ...............m.. 120 

Leiley,  Joeeph,  map  of  Pourche  ootc  by 16 

Leequereas,  Leo,  on  arboratlon  of  Magnet  Gore.. ~.    167 

Letts  mloe^ - 149, 1«7, 162 

LeaohteDbeig,  cited  on  brookite^ —    SIS 

l<eoolte  porphyry,  rock  resembling ^.........................1 4S0 

Lendte,  peeudomorphs  after 17, 207,  274 

Lendte  phooolite —.^ 17 

l.eudte  syenite  dike  rock  analysis  of 267 

oocnrrence  of  at  Magnet  Core,  174-176, 184, 185, 190, 192-195, 197, 199, 
200,267. 

relation  to  eleoUte  syenite  dike  rock ...........    277 

useef  name  in  this  report «. 4S0 

miOucice  tiDguaiie,  analysis  ox  •.••••.••••..••.,...........•....»..•........•........••••••  ••.....mm.............>.«««>    zbd 

blsck  variety ^ , ..« 280-281 

border  type. t 277-281.  490 

dike  type 178, 179, 186, 201,  202,  281-9,  480 

green  ▼arlety,....^ 185-186,  198, 196,  200,  277 

minerals  of 279-286 

percentage  composition  of.. »..• 289 

nndiTided,  occurrence  of 174, 191, 195 

use  of  these  names  in  report. .• „ .^    480 

Levy,  cited  on  feldspar  cleavage..... ^ 75 

Lewis,  H.  CarriU,  cited  peeudomorphs  st  Magnet  Goto 17,  S8S 

Lime-kilo,  possibility  of  at  Magnet  Cove ^ 184 

Llmhurgite,  compared  with  ouachltite 894 

Limooite  at  Biocher 219 

at  Magnet  Oove 181 

Lindsay's  Branch,  granite  on 15,878 

Litchfield,  Maine,  eleolite  srenite  near 405 

Literature  general  on  Igneous  rocks  in  Arkansas 7-18 

special  petrographic  on  Fourcho  mountain  region.. 84-39 

special  petrographic  in  PUce  county  region 377-8 

special  petrographic  on  Saline  county  region 129-30 

Little  Pourche  Bayou,  igneous  rock  near 27 

Little  Missouri  River,  Pike  county,  Arkansas ^ 11 

ash-beds  extend  to 875 

Little  Rock,  analysis  of  shale  from 264 

Little  Rock  Granite  Oompany,  quarry  of ......    93-97 

exposition  of  1887,  granite  at ISO 

Llano  county,  Texas,  pr<*-Cambrlan  rocks  in „ 6 

Llano  River,  Texas,  Silurian  limestone  nesr 18 

Lockwood,  the  Mi^Be9  mentioned ^^.    82 

Lodestone,  (see  magnetite). 

Lodestone  bed,  effect  on  magnetic  needle 173 

Louisiana,  district  of 7 

territory  of.. ., « ..,.       7 

Louisville,  Ky  ,  Belgian  blocks  in ^. 55 
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Plagioclaae,  in  aeglrito  tiDg.  872.  Amph.  monch.  (andithiie)  294.  El.  garnet  sj.  (Labrado- 
rites  see  errsta)  851.  Bl.  porph.  148,  El.  ij.  (plagioclase)  137.  Bl.  sj.  p«f .  dike 
145.    Met amorphoted  oonUct  rock  854,  Biiarolitic,  qu.  sy.  (Labradoriie)  95, 98. 

Plagioclastic  eleolite  syenite,  analysis  of ^ „ 189 

minerals  in « «. 187-189 

similarity  to  tberalite „ .. 140 

structure  of ^..    186 

Pleistocene,  in  Arkanaar « „ «. ^ „ ^........«.    5 

relation  to  igneous  roelu  in  Arkansas ^.    5 

Ignfoas  rocks,  relation  to,  in  Saline  county 126 

Pooos  de  CaldtfS,  Brasil,  dikes  near ^ „^ 401 

Polaris,  obsei  rations  on  for  magoelic  declination „ „. 178 

Polk  county  ush-bed.. « ...«.    875-876 

Porphyry,  mentioned  in  Missouri.. ^....    4 

Pbrphyritlc  dikes  in  Saline  county 146-149 

similarity  of  segirite  tinguilte  type  to  rhomben-porphyr 147 

similarity  of  el.  porphyry  type  to  New  Jersey  rocks 147-149 

Pbrphyritlc  syenite  in  Saline  county 140-143 

similarity  topulaekile 146 

Portugal,  analysis  of    el.  sy.  from ^.    81 

analysis  of  foyaite  from 81 

analysis  of  inonchiqnite  from 109 

Portugese  dikes  mentioned.. 895,400,  401 

Post-tertiary,  ftectioo  of  in  Pike  county 880 

Potash  Sulphur  Springs,  arboratlon  of  316,  Augitic  rocks  at  262-254,  Contact  minerals,  apa- 
tite 855,  Natl oxonoi lite  358,  Orthoclaae  359,  Plsgioclase  354,  Pyrrhotite  859,  Quarts, 
355,  Wollastonite  355. 

contact  rocks  and  minerals  of 854-361 

distribution  of  igneous  r.  cks  of „ ^ 844,  818 

El.  garnet  porph 851 

El.  sodHlite  sy ." 849-350 

El.  tinguaite,  (border  type).. 851,  852 

El.  tinguaite,  dike  type 852 

genetic  relations  of  igneous  rock  to  each  other  and  adjacent  sedimeotaries 865, 366 

meutioned  by  Comstock m I 

noraculite  at *. „ 34 

petrographic  description  of  rocks  of 8tf-35^ 

rocks  and  minerals  from 346-348 

water  from - 361,865 

water,  analyzed 861-865 

Powell,  W.  B.,  minerals  from 305 

cited  on  igneous  rock  In  Arkansas U-12,  84-36, 180,  205,  877 

Pmtoveriiiiculite,  analysis  of 211,226 

derired  from  biotiie. 211 

mentioned  by  Schoolcraft  and  Bringler 224 

tiamed  by  Kdnig 225 

occurs  in  el.  mica  syenite 224-225 

Pseudoleucite » 194,  267,  268-274,  279,  280.  284-286 

analysis  of 270-278 

petrographic  description  of 278-274 

'*8uggfsted"  crystals 280 

PMudumorphs,  of  chlor.le  aft»'r  augiie 116 

of  feldspar  after  leuclte. '. ^ 20^ 

of  mica  after  augite ..^  >•••*    114 
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Pula^kite.    (See  under  blue  granite). 

adoption  of  oame. , 56 

analyies  of.. 70 

diagrammatic  representation  of  petn^^phic  relatione.. 57 

in  Saline  county 129 

microeoopic  structure  of 56 

minerals  of 68,  69 

physical  properties  of,  (See  under  blue  granite). 

relation  to  other  rocks.. 120 

segregation  tiens  in » 71 

similar  to  porphyritic  nyeoite.. 140 

use  of  term 429 

Pulaski,  Count  Gassimir 66 

Pulaskt  county  court>house « 64 

Pye,  George  C,  mentioned.. 22 

Pyrite ., 8,  16,  220,  287,  268,  276,  280,  286,  297,  895,  898 

Pyroxene,  in  eegirite  ting.  369-872,  Amph.  monch  (anglte)  292.  Contact  rock,  297,  298-9,  854. 
El.  garnet  sy.  230,  £1.  micasy.  214.  EI.  sy.  77-8, 184,  El.  sy.  dike  rock  86, 286,  Lenc. 
sy.  dike  rock  275,  Porph.  sy.  141,  Pieudoleucite  269,  Pulask.  61-3.  Ting.  1U2. 

Pyrrhotite  at  Potash  Sulphur  Springs.. 869 

Quartz  from  Magnet  Oire.. 8,  803-304 

in  contact  rock,  Potash  Sulphur  Springs 365 

in  el.  sy.  pegmatite  dikes 145 

in  miarolitic  quartz  syeni'e 98 

inclusions  in .". , 95 

milky  803 

smoky 304 

Btriationson ^.^ 804 

Quartz  rock  «ith  brooklte.  Magnet  Cove 189-190,  192,  808-804 

Quartz  syenite.    (See  miarolitic  quartz  syenite). 

occurrence  of 28,  29 

term  defined 98 

Rsmmelsburg,  0.,  analyses  by 214-216,  270,  356,  868 

cited  on  brooklte «« 307 

Rsmsey,  Wm.,  cited  on  fucoliie  from  peninsula  Kola 258 

Ranite  in  eleo'ite  syenite. 136 

Rath,  G.  Tom.,  died  on  brooklte  altered  to  rulile  309-311,  318,  321,   Riiiile  six  and  eight- 
lings  324-5.    Riitile  sis  lings  827. 

Red  Hill,  N.  H.,  syenite  from 57 

Relief  map  of  Fourche  Mountain  region  (Plate) 19 

Relief  map  of  Fourche  Mountain  region  preparation  of 82 

Rensselaer  Polytechnic  Institute,  testing  mnchine  in 44 

Reynolds,  Jo.,  (Diamond  Jo)  quarry  of 198 

Rhomben-porphyr  (nephelinrhombenporphyr) , 100, 147 

Rhombic  pyroxene  in  peridotite  fr  .m  CourtUndtS<>ries 385 

Richardson  R.  surveyed  fiiagnetCove 170 

Richardson  Mrs.,  granite  reported  near  house  of 878 

Richthofen,  G.  Ton,  cit«d  on  ps«  udomorphs.. 115 

Ricketts,  P.  C,  mentioned 44 

Riess,  rock  collected  by  in  Portugal 400 

Rio  de  Janerlo,  Brazil,  rocic  from 110 

Roman  Catholic  Cathedral,  Little  Rock  64 

Rose,  G.,  cited  on  brooklte 322 
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ftrHeabuMh,  Il.,Glte<J  on  KinlsmBtile  04,   Aln5tteKM»   Arhknui  rooki,  IT,  Ampta.   mODcb. 

im.    Auglte  if.  K,  BarksTlkltn  la  puluktie  64,  Br«kiii|!  up  n[  Jujtilt  mtgat. 

«W,  EliF'jUlli^enltpnrphrr,  K4,  EleolUe  porphrrr 'U9.  E]»Lils  IfOttr  from 

Montnal  Wt.  OiiiKgialelne  K'.     iDcUiiigni  in  veiniinlti  3S7,  Klailnlita  3n, 

Bownbusta,  H  ,  oiled  on  optic  properilHof  bioilieSlI,  nUtlanior  lUTiguille  lorn  inehl- 
qulte  17S,  Slnii1:>rlcr  of  kppimncil  of  Naidnnnkilelaeli-oPlteaJriilUdlks 
rockM.sliallBiltr  olouictatiilemnuiiichiqullsSM.  TiDKuaJta  graop  lOt- 


Bubelllte  psendoraorph  «(ter  nunil*.. IH 

ltUM.''ol.D.C.,  aid  from SM 

Kutlle,  Bsufl.'t  iwlnolni  l»»  of >»«S0 


from  Mixnel  Cots IM,  JM-WO 

Kem<.berg  •Icscribo  I  winning  law. SU 

HbuciiIwik  nxnllont  il  MugDiI  Cois..  31< 

moirShtructure.,:  lirooHUduelo <:0 

OMUrrpnwol »M 

idiindDtglilU.'gidncrlbnIlir  Von  Kitb  >!4-$ 

twinning  lnwHiiHpflledl.r  writer 158 

Rjskoliro  porphTry  ofSbirnril SUS 

jjilaia,  Mbh'.,  oleollie  njenlK  ne«r. ««• 

ViMna  rounl/,  Hidrtle  lunKualle  Id. ,     IW-IW 

■  niplilbole  moncblqulW  In IKI-IU 

■  niclllcrockiln 180-1S7 

hmiillein lU 

Colar  pBrk  described IST-ISO 

c.nlicl  rotk»  ill.. lBI-161 


jf  [gOHlUB  rocks  In. 


grsnlM  nicntlaaed  b)r  I*oire11  Id 11 

monchHiulteln IN(-I57 

oithoiliuIicelMlllairei.luin ISl-lM 

plagloclaaitc  rl»ollie  ajonlie  Id ISS-I« 

poiphrilllc  dikes  In UMU 

porphrrlllcBfenile  In HM«S 

■renltlcdlksrocktlD HW« 

Saline  couatf  rock,  compared  wllb  Fourche  MounWn  rook 1>3 

8andiloneferruginou»[rfrlUrj) lU 

Sanldlos.  In  egirito  ting.  269.  El.  ting.  169-6,361,  Leuc.  tlnR.  181.  IBS. 

SSo  Panlo,  rockfiom 1« 

ScaechI,  Prof ,  leuciie  from 170-171 

ijcbooleraf',  rlUd  on  ArknnsBs  ri^ki,  8,  Magnet  Cuie  mli  eralf,  t,  IIP,  IM,  Dime  "Core"  Its. 
Bi!borlanilte,  analriiaof. IIMH 


named  b^  Khepard  ... 

Scbott,  (Jhai.  A.,  magnelic  deellnall 

Hecllon  at  Ueeker  place,  near  lk>tei 

ol  M<:KrBTeT'B  orll.  Pike  k 


INDEX  456 

Se^grexation  Teiosio  pulaskite 7t 

Sexpentine  compared  with  peridotiie , 381,  882,  385 

Irom  peridot  t"  associated  with  barite «. 3K0 

Berra  deMoochlque,  aaalyHisof  fojaite  from 81 

analya'a  of  monchiquite  from 109 

rocks  of,  mentioDed 400 

S«nra  de  Tingua,  rocks  and  minerals  from 110,  a74 

bhale,  aualysia  of 283-4 

Shepard,  C.  U.,  cited  on  jegirite  249,  Arkansas  rocks  and  mioerali  12,  Arkaibite,  304-305, 
Brookite,  appearance  of  323,  Ele<»Ilte  209,  Eudialyte  241 ,  Fourche  Mou  itain  rocks 
37,  Magnet  Cove  mlnfrals  205,  Magnet  Cove  rucks  205,  Perofsklte  831,  Mke 
county  rocks  878,  Scliorlomite  213. 

analyaia  by 228 

SiebpnthM],  C.  E.,  waer  coHected  by 884 

Silica,  cryptocryatalUne  and  ohaleedonic 88 

Silurian,  parting  letween  Carboniferous  and 876 

in  Indian  Territory 4 

Sinter  In  Magnet  Cove 181-188 

Sliio  de  Baroeco,  rock  from 401 

Smith  and  Brush,  analyses  by^ n, 210,  223,  271 

Smith,  J.  Lawrence,  analysis  by» 250 

clt  ed  on  ozar ki  t e 223 

Smith,  J.  Perrin,  cited  on  ash-beds 376 

mentioned 406,  409,410 

Smock,  John  C,  cited  on  strengtii  of  stone  46,  eflfect  of  absorptlteness,  48. 
Sodali  e,iu  el.  sod  sy.  849,  El,  sy.  oriltocla<«(ic  I33,  El    sy.  dike  rock   237,   £1.  ting.  352, 
L  uc.  sy.  dik«  rock 275,  Leuc.  ting.  285, 289,  Ouach.  395,  Putask.  ()7,  Ting.  101. 

theoretical  composition  of.. 'J88 

Souih  Mountiiin.. : 26 

Sparinuw  Creek,  atchcaM  rocks  iu 4,  14 

Specific  gravity  and  welglit  per  cubic  foot  (if  granites 49,  74,85,  91,  182 

{Spring  giving  off  air  bubbles  at  M'gnet  Cove 182 

SprOdelstein  compared  with  bauxit** 125 

Stahl  and  Mansfeld,  analysis  by 70 
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